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1 Ann Arbor, Univ. of Michigan, Physics Юерё........... Wilbur, D 
| Charlotte, 443 S. Pleasant 56............. НЫ Gay, P. 8 
Detroit, 1983 Hazelwood А+е....................+... Fox, David 
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Ohio Cincinnati, 604 Straight ${........................... Stewart, A. W. 
Columbus, 137 Goodale ЅЬ........................... Roberts, Theldon 
Delaware, Perkins Оһзегуа{огу....................... Stetson, H. T 
ћупа, Р.О. Box No. 366............................ van der Woude, Fritz 
Roseville, Potter Ауе................................ Sagle, R. E. 
Pennsylvania East Lansdowne, 131 Beverly Ка..................... Wright, A. B. 
East Pittsburgh, Westinghouse Elec. & Mfg. Co., Radio 
Operations і: аан ууа ету Smith, H. M. 
EO por: ances Wee. ea и esie rede or Hayward, J. B. 
Lansdowne, 663 Нове бб лана вињета CRA Не Gildemeyer, F. Н. 
Philadelphia, 1613 М. 50th St... «cene eon Ee oR мө... Brewster, Grant 
Philadelphia, 5006 Rorer $&.......................... Cohen, Fred 
Philadelphia, 5441 Montgomery Ауе.................. Dutkin, Murray 
Philadelphia, 3849 N, 18th $Ӱ........................ Filderman, Joseph 
iladelphia, 6144 Wayne Ауе....................... eist, Н. 
Philadelphia, 314 W., Delphine St..................... Hills, J. M 
Philadelphia, 1642. №. 59th Stic cc tees eR ARR ER RAR Hallister, K. R 
Philadelphia, 1405 Locust St., Gen. Elec. Со........... Littlejohn, Sam 
Philadelphia, 200 S. 33rd $.......................... Mollwain, Knox 
Philadelphia 2024 E. Madison 56..................... Miller, J. J. 
Philadelphia, 6212 Chestnut 56....................... Persons, E. N. 
Philadelphia, 325 E. Albanus 56...................... Suckle, B. W. 
Philadelphia, 1405 Locust St., Gen. Elec. Со...... ....Whitecotton, N. L. 
Philadelphia, 3510 Malta $%.......................... Youngblood, I. J. 
h Shillington, 200 W. Lancaster Ave.................... Hornberger, J. E. 
South Carolina Darlington, 133 S. Main бі... Hope, R. S. 
Tennessee Johnson City, 1303 N. Roan St....................... Shamhart, P. B. 
Texas Houston, 3901 Polk Ауе............................. Wolf, R. C. 

Р Waco, 1316 М. 11th $.............................. DeJarnette, W. Y. 
Argentina Buenos Aires, San Fernando, Necochea 1396........... del Pozo, Luis 
Australia Callawadda, Victoria, "Bryn Avon”.................. Hutchings, A. T. E. 

- Kogarah, New South Wales, 11 Ocean Ave............. Bailey, Е. а. 
Canada Montreal, Que., 2230 Old Orchard Ауе................ Desauliniers, R. R. 
Toronto, Ont., 64 High Park Ave..................... Plummer, C. A. 
England Chelmsford, Marconi's Wireless Tel. Со. 144.......... Lea, Norman 
Churston Ferrers, 5. Devon, Broadsands House. ....... Wortley-Talbot, J. R. 
Leeds, 56, Accommodation Rd........................ Wood, Eric 
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| England (cont.) London, Е. С. 1, Alden House, Radio Section, Eng. in 

| Chief's Осе. ......... c eee Rr mr Beer, H. G. 

| London, S. W. 12, Balham, 13a Cambray Rd.......... . Miller, В. Е. E 

| London, E 7, Forest Gate, 308, Katherine Rd........-- Bennington, T. W. 
| | London, N 4, Harringay, 50 Roseberry Gardens.......- Charman, ¥..J. H. 
|| Porth, Cornwall, St. Columb Minor, Porth Ночве...... Powditch, Н. J. 

M Stockport, 540 Hempshaw Hane ла а кх ФА ш е чус бл Jones, Ernest 

il Wallasey, Cheshire, 34, Oarside "Юг...................: Cleator, P. E. 

| " Warlinghan, Surrey, Doone Cottage... ses Jordan, J. R. 

| India Lahore, 81, The Mall....... ee У Silver, B,J. 7 
H Italy Rome, 6-Piazza Belle АтИ... oin Ruspoli, Don Edmondo 
i Japan Kohnan-Kotogakko, nr. Kobe, с/о Dept. of Physics... . Nishida, S. 

} Kohnan-Kotogakko, nr. Kobe, с/о Dept. of Physics... .Shoda, М. 

| New Zealand Otahuhu, Auckland, No. 1 Seddon 'Теггасе............ Andergon, A. D. 

| Wanganui, 11 Victoria Ауе..... e n nnn Robinson, R. R. 

A Portugal Lisbon, Rua das Amoreiras, 50 r/c Ё.................. Borges, F. B. 

Н South Wales Cardigan, Penpark, “О1еп-Моог”............. не Thomas, Griff 

| West Indies Barbados, Bank Hall Rd., ‘Ұегопа”.................. Archer, T. A, 

i For Election to the Junior Grade 

| Dist. of Columbia Washington, 1538—17th St., NOM vies nort poo е ck, Rector, E. W. 

| Illinois | Chicago, 2053 Howe БЫ... ,........................ 6 Stadler, Robert 

| Missouri St. Louis, 5831 DeGiverville Ауе.................:... Lauman, L. F., Jr. 
| Nebraska Scottabluff. ss obec ce cts vee cee tirana pen ee RT о meae does Kluge, М. Е. 

| New York New York City, 1697 Broadway, УМСА............. Marx, Frank 

| Ohio Cincinnati, 118 Hereford Соштё.....................: Foster, J. D. 

| Cincinnati, 254 Melish Ave... ....-. 6-200 е 6 n Marshall, C. J. 

| NS Cleveland, 3682 В. 6186 56,.................-...- Gorecki, J M. 

H Virginia Danville, Danville Military Institute. ........ s Boland, J. N. 

| Canada Toronto 3; Ont., 20 Virtue St......... ео sedia ЊЕ Amos, G. 

| 
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Peper OLUF PEDERSEN 
Medal of Honor Recipient, 1930 


Peder Oluf Pedersen was born in Sig, Denmark, June 19, 1874, the only son 
of a farmer. - 

He attended the village school and in 1889 sent to the King of Denmark 
proposals for a perpetual motion device and a calculating machine. These so 
interested the King in his further education that he was transferred to Copen- 
hagen where, after the necessary preparatory education, he entered the Royal 
Technical College, graduating with honor in civil engineering in 1897. The ex- 
pense of his studies was contributed to by the King. 

He soon became interested in electrical research work and in 1899 became 
associated with Valdemar Poulsen in his development work on the telegraphone. 
He later aided in the same inventor’s development of the system for continuous 
wave wireless telegraphy and telephony which has become known as the Poulsen 
Are. 

In 1909 he was appointed Assistant Professor in Telegraphy, Telephony 
and Radio at the Royal Technical College at Copenhagen, becoming Professor 
ан: which chair Һе is still holding. In 1922 he was appointed principal of this 
college. 

Professor Pedersen has contributed a great number of papers on scientific 
matters in electrophysics and electrotechnics, mainly on experimental researches 
eres out by himself. He received his Ph.D. at the University of Copenhagen 
in 1929. А 

Не is a member оѓ the Royal Danish Society of Sciences, the Royal Academy 
of Natural Sciences (Lund, Sweden), the Academy of Engineering Sciences 
(Stockholm), and the Royal Society of Sciences (Trondhjem, Norway). 

In 1911-1912 Professor Pedersen was Chairman of the Danish Physical 
Society. In 1916-1920 he was President of the Danish Society of Electricians, 
and in 1920 he became President of the State Control board for Licensed Tele- 

hone Companies of Denmark. From 1920 to 1923 he was President of the 
Е of Danish Civil Engineers. 

He is keenly interested in standardization work and in 1926 was elected 
President of the Danish Section of the International Electrotechnical Commis- 
sion, which office he still holds. 

In 1907 he was awarded the Gold Medal of the Royal Danish Society of 
Sciences of ‘Copenhagen for a paper on an experimental investigation of the 
oscillations in liquid Jets. He was awarded the Н. C. Oersted Medal in 1927. 

à Professor Pedersen is a Fellow of the American Institute of Electrical 
Engineers and a Member of the Institution of Electrical Engineers (Great 
Britain). He became a Fellow of the Institute of Radio Engineers in 1915. A 
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November Meeting of the Board of Direction 


The November meeting of the Board of Direction was held at 
4:15 р.м., Wednesday, November 5, 1930 at the office of the Institute, 
33 West 39th Street, New York City. The following members were 
present: R. H. Marriott, (acting chairman); Melville Eastham, treas- 
urer; R. A. Heising, J. V. L. Hogan, L. M. Hull, R. H. Manson, À. F. 
Van Dyck, and H. P. Westman, secretary. 

A petition nominating the following officers for 1931 was presented 
to the Board and accepted. 

For President— Captain S. C. Hooper, Director of Naval Commun- 
ications, U. S. Navy, Washington, D. C. Fellow of the Institute. 

For Manager- H. E. Hallborg, Engineer, Radio Corporation of 
America, New York City. Member of the Committee on Constitution 
and Laws. Fellow of the Institute. | : 

For Manager—H. W. Houck, Chief Engineer, Dubilier Corpora- 
tion, New York City. Member of the Institute. 


Proceedings Binders 

During the last year two sizes of binders for the Proceedings have 
been made available. The smaller size was suitable for containing an- 
nual sets of the Proceedings issued before 1928. The yearly copies for 
1928 and later years were too bulky for inclusion in the smaller size 
and the larger size binder was made available to accommodate them. 

At the present time there is such small demand for the smaller 
size binder that it is now being discontinued and all future orders will 
be assumed to call for the larger size. 


Incorrect Addresses 

On pages XLIX, L, and LI of the advertising section of this issue 
will be found the names of two hundred and two members of the 
Institute whose correct addresses are not known. It will be appreciated 
if anyone having information concerning the present addresses of 
any of the persons listed will communicate with the Secretary of the 
Institute. | 

Associate Application Form 

For the benefit of members who desire to have available each 
month an application form for Associate membership, there is printed 
in the Рвосвертмез a condensed Associate form. In this issue this 
application will be found on page XX XIII of the advertising section. 

Application forms for the Member or Fellow grades may be ob- 
tained upon application to the Institute office. 


1985 


1986 Institute News and Radio Notes 


The Committee on Membership asks that members of the Institute 
bring the aims and activities of the Institute to the attention of desir- 
able and eligible nonmembers. The condensed form in the advertising 
section of the PRocEEDINGS each month may be helpful. 


Radio Signal Transmissions of Standard Frequency 

The following is a schedule of radio signals of standard frequencies 
for use by the publie in ealibrating frequency standards and trans- 
mitting and receiving apparatus as transmitted from station WWV- 
of the Bureau of Standards, Washington, D. C. 

Further information regarding these schedules and how to utilize 
the transmissions can be found on pages 10 and 11 of the January, 
1930, issue of the Рвоскертев, and in the Bureau of Standards Letter 
Circular No. 171, which may be obtained by applying to the Bureau 
of Standards, Washington, D. C. 


Eastern Standard Time Dec. 22 
10:00 р,м. 550 
10:12 600 
10:24 700 
10:36 800 
10:48 1000 
11:00 1200 
11:12 1400 
11:24 1500 


Committee Meetings 
COMMITTEE ON ADMISSIONS 


~ 


A meeting of the Committee on Admissions was held at 9:30 a.m. 
on November $th at the office of the Institute, the following members 
being present: R. A. Heising, chairman; A. V. Loughren, R. H. Mar- 
riott, Е. В. Shute, A. Е. Van Dyck, and H. P. Westman, secretary. 
One of three applications for admission to the grade of Member was 
approved and five applications of eight for transfer to the grade of 


Member were approved. An application for transfer to the Fellow 
grade was also approved. 


CoMMITTEE ON BROADCASTING 

The Committee on Broadcasting held a meeting at 1:30 p.m. No- 
vember 5, 1930, in the office of the Institute, the following being in 
attendance: L. M. Hull, chairman ; B. Ray Cummings (represented), 
J. У. L. Hogan, С. W. Horn, P. A. Greene, R. Guy, and R. H. Marriott. 
The Committee drafted an answer to a letter from the Federal Radio 
Commission asking for comments upon a Proposed General Order on 
the Limitation of Harmonics Emitted by Radio Stations. The Board 
of Direction later in the day granted approval of this proposed answer. 
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ComMMITTE ON MEMBERSHIP 
At 5:30 р.м. in the office of the Institute on Wednesday, November 
5, a meeting of the Committe on Membership was held. The meeting 
was attended by I. 5. Coggeshall, chairman; Н. С. Gawler, and В. В. 


Montealm. 
COMMITTEE ON STANDARDIZATION 


A meeting of the Institute's Committee on Standardization to con- 
sider the reports of the various technical committees for adoption as 
ТВ Е. standards was held October 31 and November 1, 1930. During 
this two-day meeting a large number of reports of technical committees 
were discussed and approved for adoption as I. R.E. standards and will 
be published in the forthcoming 1931 Ysgar Boox of the Institute. 
The following were present on October 31st: J. H. Dellinger, chair- 
man; Stuart Ballantine (Chairman of the Technical Committee on 
Vacuum Tubes), L. G. Bostwick (alternate of H. A. Frederick), R. D. 
Brown, (representing W. E. Holland), W. A. R. Brown (representing 
Robert Morris), C. M. Burrill, E. T. Dickey (Chairman, Technical 
Committee on Radio Reccivers), P. H. Evans, H. A. Frederick (Chair- 
man of the Technical Committee on Electro-Acoustic Devices), V. M. 
Graham, H. E. Hallborg, C. M. Jansky, Jr., O. T. Laube (representing 
A. F. Rose), W. H. Murphy, E. L. Nelson, N. C. Olmstead, (repre- 
senting L. E. Whittemore), Н. F. Olson, Haraden Pratt, Н. M. Turner, 
J. C. Warner (representing W. C. White) L. E. Whittemore, Adney 
Wyeth (representing L. G. Pacent), H. P. Westman, secretary, and 
B. Dudley, assistant secretary. 

The following were present November Ist: J. H. Dellinger, chair- 
man; J. B. Blanchard (representing W. Wilson), L. G. Bostwick (repre- 
senting H. A. Frederick), R. D. Brown (representing W. E. Holland), 
W. A. R. Brown (representing Robert Morris), E. T. Dickey, V. M. 
Graham, C. M. Jansky, Jr., O. T. Laube (representing A. F. Rose), 
W. Н. Murphy, E. L. Nelson, Haraden Pratt, Н. М: Turner, L. E. 
Whittemore, W. Wilson, Donald Whiting, Adney Wyeth (representing 
L. G. Pacent), H. P. Westman, secretary, and B. Dudley, assistant 
secretary. 

As a result of these two sessions, the Committee on Standardization 
is now in a position to forward its report to the Board of Direction for 
final approval. 


TECHNICAL COMMITTEE ON RADIO TRANSMITTERS 
AND ANTENNAS—I.R.E. 
A meeting of the Technical Committee on Radio Transmitters and 
Antennas was held at 9:30 a.m. on Tuesday, October 21, at the office 
of the Institute. Haraden Pratt, chairman; J. B. Blanchard (non- 
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member), W. Е. Downey, H. Е. Hallborg, D. С. Little, W. Е. Diehl, 
William Wilson, ала B. Dudley, secretary, were present. 


TECHNICAL COMMITTEE ON Варто REcEIVvERS—I.R.E. 


À meeting of the above Technical Committee was held in the office 
of the Institute on Thursday, November 6, at 10 a.m., the following 
being in attendance: E. T. Dickey, chairman; C. M. Burrill, Malcolm 
Ferris, E. J. T. Moore (representing V. M. Graham), and B. Dudley. 


SUBCOMMITTEE ON MISCELLANEOUS TESTS OF THE TECHNICAL 
COMMITTEE ON Варто Recervers—l.R.E. 


A meeting of the above subcommittee was held at 10 a.m. on Tues- 
day, October 14, 1930, at the office of the Institute, attended by Е. X. 
Rettenmeyer, chairman; W. Wilson, and B. Dudley, secretary. 


SUBCOMMITTEE ON HIGH-FREQUENCY RECEIVERS OF THE TECHNICAL 
CowMrTTEE ON Варто Recgivgns—I.R.E. 


This subcommittee met at 10 A.M. October 16, 1930, in the office 
of the Institute, the following being present: C. M. Burrill, chairman; 
T. MeL. Davis, Н. M. Lewis, Н. О. Peterson (representing H. H. . 
Beverage), and B. Dudley, secretary. 


SUBCOMMITTEE ON AIRCRAFT RECEIVERS OF THE TECHNICAL 
COMMITTEE ON Варто Recervers—I.RB.E. 


The following members were present at a meeting of the above 
subcommittee which was held at 10 a.m. on Thursday, October 23, 
1930, at the office of the Institute: E. J. T. Moore, acting chairman 
(representing V. M. Graham); H. Diamond, B. Trevor (representing 
H. O. Peterson), L. A. Hyland (representing T. McL. Davis), H. B. 


Fischer (representing 8. E. Anderson), W. H. Murphy, R. M. Wil- 
motte, and B. Dudley. 


SUBCOMMITTEE ON NOMENCLATURE OF THE TECHNICAL COMMITTEE 
ом. RADIO TRANSMITTERS AND Parts—A.S8.A. 
At 10 a.m. on Wednesday, October 8, a meeting of the above sub- 


committee was held in the office of the Institute and was attended by 
R. M. Wilmotte, chairman ; W. Wilson, and B. Dudley. 


Institute Meetings 
New York MEETING 
Two papers were presented at the New York meeting of the Insti- 
tute held in the Engineering Societies Building at 7:30 r.m., November 
5, 1930. 
The first paper, which was presented by Professor W. G. Cady was 


entitled ^Rochelle Salt Crystals in High-Frequency Circuits.” It is 
summarized as follows: 


| 
| 
| 
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“Although the remarkable electrical properties of Rochelle salt have been 
known since 1894, it is only in the last thirteen years that any serious attempts 
have been made to turn them to practical account. In the present paper the 
chief physical characteristics of Rochelle salt are discussed, including its mechan- 
ical, elastic, and electrical properties. The technique of preparing Rochelle salt 
plates is described, and the limitations of the substance from the point of view of 
practical applications are pointed out. Numerical data on the elastic and 
electrical constants are presented, based largely on the work of Mandell, and on 
the writer’s own experiments on high-frequency vibrations of Rochelle salt 
plates cut in various orientations. A consideration of the theory of the effect 
of the piezo-electric constants uponthe dielectric constant leads to an explanation 
of the enormously large values of the dielectric constant which some investiga- 
tors have found. The effects of temperature upon the electric constants and upon 
the frequency of vibration are discussed. Experiments were carried out on the 
various modes of vibration of Rochelle salt plates, and also on their behavior as 
high-frequency resonators, stabilizers, and oscillators.” 


The second paper of the evening by Professor К. В. Van Dyke was 
on “The Measurement of the Decrement of Piezo-Electric Resonators.” 
А summary of this paper is also given. 

“The dying away of the vibrations of a piezo-electric resonator is watched 
with a cathode-ray oscillograph. The crystal is either driven by а separately 
tuned oscillator or forms part of a crystal-controlled oscillator circuit, and is 
switched from the oscillator to the oscillograph, where the e.m.f. generated by 
the crystal is watched or photographed through all or part of its period of decay. 
This interval is less than one-tenth of a second in duration for а 1000-ke quartz 
resonator. Both the Western Electric low voltage oscillograph and the General 
Electric cathode-ray oscillograph are used, the former necessitating a low im- 
pedance load on the crystal during its decay, and thus yielding decrements 
greater than characteristic of the crystal on open circuits, while the latter re- 
quires for most crystals an amplifier system to step up the erystal e.m.f.’s 
before application to the deflection plates of the oscillograph. 

“Values of decrement for quartz resonators obtained to date indicate that 
the values of resistance quoted four years ago, when presenting the network 
equivalent of the crystal resonator, should be decreased by a factor between 
5 and 10. This brings them into agreement with observations by Terry on the 
conditions for oscillations of crystal-controlled vacuum tube circuits and with 
recent measurements of decrement by Vigoreaux.” 


The meeting was attended by three hundred members and guests. 


ATLANTA SECTION 


The October 3rd meeting of the Atlanta Section was held at the Cecil 
Hotel in Atlanta, Chairman Harry F. Dobbs, presiding. 

A paper by J. Т. Gardberg on “Volume Control used in Modern 
Radio Receiving Sets” brought forth a lively discussion which was 
participated in by the majority of the members present. 

At the conclusion of this paper, the members proceeded to the office 
of the U. 8. Supervisor of Radio in Atlanta and were shown the practi- 
cal operation of the latest type of frequency measuring equipment used 
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by the supervisors. After this demonstration a number of questions 
were asked of George Llewellyn of the supervisor’s office. 
The meeting was attended by twenty members and guests. 


BurrALO-NIAGARA SECTION 


A meeting of the Buffalo-Niagara Section was held on October 14th 
at the University of Buffalo, A. B. Chamberlain, chairman, presiding. 

A paper on “Sound Reproduction” was presented by George 
Stringfellow, Division Superintendent of Service of Electrical Research 
Products, Inc. Mr. Stringfellow described the method used in the 
motion picture studios to record on both film and wax. Some of the 
difficulties encountered in the commercial application of these devices 
by the motion -picture industry since 1926 were explained. The diffi- 
eulties due to interference caused by arc lights and other equipment 
and the developments to obviate these were discussed. The methods 
and equipment used in both recording and reproduction were con- 
sidered in detail. 

Messrs. Chamberlain, Hector, Johnson, Waud and others partici- 
pated in the discussion which followed the presentation of the paper. 

Forty-nine members and guests were in attendance. 


CINCINNATI SECTION 


The October meeting of the Cincinnati Section was held on the 
14th at the Cincinnati Chamber of Commerce, R. H. Langley, chair- 
man, presiding. 

A paper on “Electrolytic Capacitors; Theory and Application” 
was presented by F. E. Johnston, Product Engineer of the Crosley 
Radio Corporation. 

The speaker briefly outlined the history of the electrolytic con- 
denser. The manufacturing process was then described, special empha- 
sis being placed on the necessity for pure materials and the care 
required in the forming process. The theory of operation of electrolytic 
condensers was touched on but it was stated that there is a wide 
variance in opinion on the subject among investigators in this field 
and much remains to be learned. The actual operating characteristics 
under a wide variety of service conditions were discussed in some 
detail. The useful life was stated to be indefinite provided the maxi- 
mum peak voltage and operating temperature ratings are not exceeded. 
The methods of measuring the capacity of this type of condenser were 
given. | 

Тће рарег was discussed by Messrs. Austin, Barton, Hoffman, 
Israel, Kilgour, Osterbrock, and Wilson of the forty-three members 
and guests in attendance. 

A Nominating Committee composed of Messrs. Desh, Dixon, and 
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Kilgour was appointed to bring in nominations for election of officers 
for 1931. This election will take place at the annual meeting to be 
held December 16th. 

CLEVELAND SECTION 

A meeting of the Cleveland Section was held on September 19th 
in the Winton Hotel, D. Schregardus, chairman, presiding. 

John F. Royal, Managing Director of WTAM, gave an outline of 
the relations of broadcasting and the vaudeville stage. 

The attendance at the meeting was forty-five. 

The October meeting of the Cleveland Section was held in the 
Physics Laboratory of the Case School of Applied Science on the 24th, 
S. Е. Leonard, presiding in place of Dr. Schregardus who was unable 
to be present. 

T.B. Owens, Assistant Professor of Electrical Engineering of the Case 
School of Applied Science presented a paper on “Filters in Electrical 
Circuits.” 

The paper covered the four types of wave filters, giving their cir- 
cuit arrangements, transmission characteristics, and other pertinent 
data. 

Following the presentation of the paper, Bruce David, Chairman 
of the Committee on the New Constitution, read the new Constitution 
approved by the Board of Direction. This Constitution was adopted 
by the Section. 

The attendance at the meeting totaled thirty-five. 

DETROIT SECTION | 

L. М. Holland presided at the October 17th meeting of the Detroit 
Section held in the Detroit News Auditorium. 

W. Е. Jackson, Radio Engineer, Airways Division of the Bureau of 
Lighthouses, presented a paper on “Development of a Visual Type of 
Radio Range Transmitter having Universal Application to the Air- 
ways.” | 

This paper is published in this issue of the Proceedings and it 
will, therefore, be unnecessary to describe it further. 

The discussion which followed the paper was entered into by 
Messrs. Case, Firestone, Holland, Worel and others. 

A motion picture showing the production of radio receiving sets 
was also shown. 

Los ANGELES SECTION 
A meeting of the Los Angeles Section was held at the Engineers 
Club on September 22nd, T. C. Bowles, chairman, presiding. 
T. E. Nikirk, Chairman of the Meetings and Papers Committee of 
the Los Angeles Section, presented a paper on “Three- and Six-Phase 
Rectifier Systems.” i 
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At its conclusion the paper was discussed by Dr. deForest, who 
was present, and Messrs. Breeding, McDonough and several others 
of the twenty-five members and guests in attendance. 

The October meeting of the Los Angeles Section was held at the 
Engineers Club on October 21, T. C. Bowles, chairman, presiding. 

A paper on “Recent Developments in Chain Broadcast Control” 
was presented by Paul Johnson, a transmission engineer for the 
Southern California Telephone Company. 

Following the delivery of the paper and the discussion which was 
particpated in by Messrs. Anderson, Fox, Nikirk and others, members 
and their guests visited the broadcast control section of the long-dis- 
tance control office of the Telephone Company. 

Dr. Lee deForest introduced John Stone Stone, President of the 
Institute for 1915, to the one hundred and twenty-six members and 
guests in attendance. 

| PHILADELPHIA SECTION 

The September meeting of the Philadelphia Section was held on 
the 24th of the month at the Franklin Institute, W. R. G. Baker, 
chairman, presiding. 

Prior to introducing the speaker of the evening the Chairman in- 
troduced to the Section members the new officers and also gave an 
outline of the various committees appointed together with their duties 
and personnel. 

The speaker of the evening, C. W. Horn, General Engineer, Na- 
tional Broadeasting Company was then introduced. Mr. Horn pre- 
sented a paper on “The Problems of Chain Broadcasting.” Although 
only partly technical in its treatment of the subject, the paper covered 
the system of chain broadcasting now employed and outlined many of 
the minute details that enter into the successful production of a nation- 
wide broadcast. 

A general discussion participated in by many of the sixty-six mem- 
bers and guests in attendance followed. 


PITTSBURGH SECTION 

The October meeting of the Pittsburgh Section was held on the 
21st of the month at Utility Hall, A. J. Buzzard, chairman, presiding. 

A paper on “Shaking Down Electrons” was presented in two parts 
by R. C. Hitchcock and Lee Sutherlin of the Westinghouse Electric 
and Manufacturing Company. 

The first portion of the paper presented by Mr. Hitchcock dis- 
played and explained the operation of a number of types of photo- 
electric cells. The wide and varied field of usefulness which these cells 
serve was discussed and a practical demonstration of a cell as an “off” 
and “on” device was given. 


и 
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The second part of the paper was presented by Mr. Sutherlin and 
covered systems for amplifying the output of these devices. Diagrams 
of suitable circuits and a special amplifying tube developed for use in 
this work were exhibited and discussed in detail. 

After the presentation of both portions of the paper; a discussion 
participated in by Messrs. Armstrong, Best, Carman, Johnstone, Mag, 
McKinley, and Strainger took place. 

The attendance at the meeting totaled forty-one members and 


guests. 
_ ROCHESTER SECTION 

The October 2nd meeting of the Rochester Section was held at the 
Sagamore Hotel, H. J. Klumb, presiding. | 

A paper on “Recent Developments in Oscillographs” was presented 
by Clare Anderson of the Westinghouse Eectric and Manufacturing 
Company of Newark, N. J. | 

In his illustrated talk, Mr. Anderson discussed the constructional 
features of the new multiclement oscillographs and the Osiso, a port- 
able oscillograph. The older types of oscillographs were first discussed, 
particular emphasis being placed on the optical system consisting of a 
light source, the rays from which passed through adjustable slits and 
thence to the vibrating galvanometer and photographic plate or optical 
viewing window, the spot of light striking the photographic strip being 
the properly focused image of this adjustable slit. The speaker then 
described methods recently developed to overcome some of the objec- 
tions to the older system. This included the use of a strip filament 
lamp for a light source, eliminating the use of the adjustable slits. In 
addition, self-energizing attachments which could be started to take a 
picture of line transients in less than two cycles and new types of 
vibrating elements were covered. The paper terminated with a de- 
scription of some of the recent applications of oscillographs to radio 


and nonradio problems. 
The meeting was attended by eighty-nine members and guests. 


SAN FRANCISCO SECTION 


The October 15th meeting of the San Francisco Section was held 
at the Engineers’ Club, C. H. Suydam, presiding. 

A paper on “Portable Field Equipment” was presented by Ralph 
Heintz of Heintz & Kaufman, Ltd. 

Various types of portable radio field equipment developed for the 
Army and Navy were described and several pieces of apparatus were 
on display. Power supply devices utilizing both foot power and 4 
small single cylinder gasoline engine were also shown. 

The attendance at the meeting was forty-nine. 
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SEATTLE SECTION ` 


The October 10th meeting of the Seattle Section was held at 
Philosophy Hall in the University of Washington. Austin У. Eastman, 
chairman, introduced the speaker of the evening, J. R. Tolmie, who 
delivered a paper on the “Use of Quarter Wavelength Transmission 
Lines as Antenna Coupling Elements.” 

The paper covered the action of parallel transmission lines and 
their characteristics. The relative impedences of the antenna, the 
coupling elements, and the generator were considered in detail. 

_ Messrs. Eastman, Foster, Williams, and Willson of the thirty-seven 
members and guests in attendance discussed the paper. 


WASHINGTON SECTION. 


The October meeting of the Washington Section was held on the 
9th in the Continental Hotel, L. P. Wheeler, chairman, presiding. 

The paper on “Recent Developments in Radio-Acoustic Position 
Finding" was presented by Dr. Herbert G. Dorsey, Senior Electrical 
Engineer, Coast and Geodetic Survey. 

The use of hydrophones in surveying had already been well estab- 
lished on the Pacific Coast prior to 1926. During that year experi- 
ments were started on the Atlantic Coast but were failures and 
continued as such until the fall of 1929. At that date а, change in method 
was tried which consisted in using floating hydrophone stations in- 
stead of hydrophones near the shore. It was found that when the 
hydrophone was used in water of 20 or more fathoms depth, bombs 
could be heard at distances up to 70 miles. During the early spring of 
1930 a complete trial was made in waters on the east coast of Florida 
and during the past summer was put into successful operation on 
Georges Bank where over 22,000 Soundings were made with the 

author's fathometer in an area of over 6000 square miles and the 
surveying ship's position located by а radio-acoustic distance and radio 
compass bearing from an anchored ship. The position of the latter was 
located astronomically and a system of buoys used as references in a 
triangulation system. 

À full description was given of the author's system of transmitting 
à series of radio dashes automatically by a thyratron from a crystal- 
controlled transmitter of 4135 or 8270 kc when a bomb signal was re- 
ceived on an electromagnetic receiver and amplifier of new design, and 
lantern slides showed diagrams and photographs of the circuits and 
&pparatus. 

During the summer a new submarine valley was discovered which 
will be of considerable importance to transatlantic navigation. 
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Proceedings of the Institute of Radio Engineers 


Volume 18, Number 12 December, 1930 


SOLAR AND MAGNETIC ACTIVITY AND RADIO 
TRANSMISSION* 


By 


L. W. Austin, Е. B. Гоовом, I. J. Wywonz-SHIEL 
(Laboratory for Special Radio Transmission Research, Bureau of Standards, Washington, D. C.) 


Summary-—In this paper curves are shown indicating a connection be- 
tween the annual averages of sun spot numbers and daylight radio signal strength 
of Nauen, Germany, as received in Washington from 1 916 to 1929, The curves of 
the monthly averages of sun spots and daylight transatlantic signals for the years 
1924-1929 show little evidence of correlation. On the other hand, the correlation 
between these monthly average signals and terrestrial magnetic activity seems definite. 
Reception from Monte Grande (Argentina) shows less definite and on the whole 
inverse correlation with magnetic activity. This indicates that long waves, like the 
ultra short, are more influenced by magnetic activity when traveling across the earth’s 
magnetic field than when traveling parallel to it. 


N SOME earlier papers! dealing with solar and radio relations, it 

was shown that the yearly averages of sun spots and long-wave 

daylight transatlantic signal strength were apparently definitely 
connected, and at the same time the possibilities of shorter period 
correlation were also suggested. The signal observations which have 
been taken since the publication of these papers make it possible to 
extend the curves published at that time and to draw somewhat more 
definite conclusions as to the reality of these relations. 

Fig. 1 shows the curves of annual averages of sun spots and’the 
Nauen signals already mentioned, continued to include 1929. This 
covers approximately one and one-half sun spot cycles. Although the 
irregularities of the peaks of the two curves of the present maximum 
do not exactly correspond, and the signal measurements before 1922 
are not of high accuracy, the evidences of correlation will be very 
strong if no marked discrepancies occur before the next sun spot 
minimum. 

At the time of writing the earlier papers, it was thought from the 
observations that a fair degree of correlation might also exist between 
the monthly averages of sun spots and signals. The rapid rise in signal 
strength which followed closely on the sudden increase of sun spots 
during 1925 was very striking. 

Fig. 2 shows the monthly average curves from 1924-1929 of sun 

* Decimal classification: R113.5. Original manuscript received by the Insti- 
tute, July 28, 1930. Publication approved by the Director of the Bureau of 


Standards of the U. В. Department of Commerce. 
1 Proc. I. В. E., 15, 825; October, 1927; 16, 166; February, 1928. 
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Fig. 1 


spots and of long-wave daylight transatlantic signals from Bordeaux, 
France (FYL) (f — 15.9 Кс, А —18,900 m) and Nauen, Germany (DFW) 
(7= 23.4 ke, Х=12,800 m). 
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In order 40 climinate seasonal effects from the signal curve, the 
deviations of the individual monthly values from the average values 
of the corresponding months of the whole six years are plotted, while 
in the solar curve the sun spot numbers are used directly. Both curves 
are smoothed by three-month running averages. It is seen at once that 
there is no simple relationship between the two curves as a whole. 
While the number of peaks is the same in the two, the periods of high 
signals in the later years have lagged about six months behind the 
sun spot peaks, so that the peaks of one curve correspond roughly to 
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Fig. 3 


the troughs of the other. At present it is impossible to say whether 
these relationships are significant or not. 

Fig. 3 which was published recently as a note in the J ournal of the 
Washington Academy? shows the curves of the monthly averages of 
sun spots, magnetic activity as expressed in horizontal range’ measured 


at Cheltenham, Md., and signals from Bordeaux (FYL) and Nauen 


(DFW): In these signal curves the actual monthly averages are 


2 Jour. Washington Academy, 20, 73, 1930. 
3 Horizontal range is defined as the difference between the maximum and 


minimum daily values of horizontal intensity and expressed in gammas. One 
gamma is equal to 1.1075 gauss. 
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shown, not the deviations of monthly averages from the average 
monthly means for the six years. The use of the deviations in our 
earlier work prevented our noticing the close resemblance between the 
signal and magnetic activity. curves. 

The resemblance of the sun spot curve to the other three curves 
is not close, but the similarity in the changes in magnetic activity and 


signal strength seems to be unmistakable. The deep drop of both the 


magnetic and signal curves in November (more rarely in December) 
is especially striking. This early winter drop in signals has often been 
noticed, and in the case of transmission between Europe and America 
has been ascribed to the proximity of the signal path to the area of 
Arctic darkness at this season, or to a European sunset effect. These 
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curves suggest that the connection between terrestrial magnetism and 
transmission may be more marked at the time of greater sun spot 
activity; at any rate, the correlation is poorer in 1924 than in the 


later years, and it appears to be decreasing in 1929 as the sun spots 


again begin to decrease. 

Fig. 4 shows the magnetic-radio relationship in the case of recep- 
tion from two English stations, Leafield (GBL) (f —24.4 ke, Х=12,300 
m) and Carnarvon (GLC) (f 231.6 ke, ^=9500 m). Leafield in 1928 
ceased to transmit regularly at an hour ensuring an all-daylight signal 
path across the Atlantie, and was therefore replaced for our purposes 
by Carnarvon, a station of approximately the same signal strength. 
In Fig. 4, the curves of magnetic activity and signal strength are not 
as strikingly alike to the eye as the curves of Fig. 3, but the percentage 
of months in which the two curves rise and fall togetherisslightlyhigher. 
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Thus far the radio signal paths which have been considered lie 
roughly in an east-west direction. In Fig. 5 the corresponding relations 
are shown for reception from Monte Grande in the Argentine (LPZ) 
(f=23.6 ke, Х=12,700 m), which lies nearly south of Washington. 
Here there seems to be an inverse rather than a direct correlation be- 
tween the magnetic and signal curves. It is well known that in short- 
wave transmission there is a difference in the effect of magnetic activity 
on the north-south and east-west signal paths. According to T. L. 
Eckersley, the number of occasions in the year October, 1927, to 
October, 1928, in which magnetic storms rendered the short-wave 
communication between England and Montreal impossible, were 49; 
between England and New York, 32; while between England and 
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Curves of magnetic activity and radio signal strength. 


Fig. 5 


points to the south (in Australia, South Africa, India, and South 
America), these varied from 4 to 7. These and other observations indi- 
cate that the connection between magnetic activity and radio trans- 
mission is most marked across the lines of the earth’s magnetic field, 
and least marked parallel to them; and also that the effect is most 
noticeable in the east-west transmission nearer the poles, and less 
noticeable nearer the equator. 

Attempts have also been made to show a relation between magnetic 
activity and signal strength for averages of shorter periods than a 
month. For this purpose the magnetic and signal observations used 
in Fig. 3 have been averaged in five- and ten-day periods. The re- 
sulting curves are not shown in this paper. The five-day averages 


1 T. L, Eckersly, Jour. I.E.E. (London), 992, 1929. 
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showed no definite magnetic-radio relationship. This poor correlation 
was perhaps to be expected, as Mrs. Wymore-Shiel* has shown that 
in the case of severe magnetic storms, at least, the transatlantie sig- 
nals rise on an average on the second day after the most disturbed 
magnetic day. The ten-day averages show considerably better corre- 
lation than the five-day averages, the agreement sometimes being 
excellent for many weeks together and then failing completely over 
long periods of time. 


51. J. Wymore, “The relation of radio propagation to disturbances in 
terrestrial magnetism,” Proc. I. R. E., 17, 1206; July, 1929. 
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TEMPERATURE CONTROL FOR FREQUENCY STANDARDS* 
Bx 
J. К. CLAPP 


(General Radio Co., Cambridge, Mnas.) 


Summary—A brief summary of the factors influencing the stability of temper- 
ature-control assemblies, in which control is obtained by adding heat and without 
the use of circulating mechanisms, is given. These factors include the degree of in- 
sulation; rate of application and method of distribution of heat; sensitivity, regularity 
of operation, and position of thermostat; degree of “ripple” altenualion; and the 
operating temperature. Examples of three types of control units regulating to within 
approximately +0.5 deg., +0.1 deg., and +0.01 deg. С, respectively, at 60 deg. C 
are given, with heating rates and details of construction. Diagrams and photographs 
are included. : 


at as nearly a constant value as possible, it is necessary to control 

its temperature very carefully, in addition to controlling other im- 
portant factors. This paper summarizes the problems of temperature 
control with regard to the final variations in temperature obtained in a 
given assembly. Some practical aspects of construction are considered 
with the object of obtaining the desired result with a simple assembly 
providing for reasonable accessibility. 

The main factors which substantially influence the constancy of the 
temperature within the desired space are: 


|: MAINTAINING the frequency of а piezo-electric oscillator 


(1) Degree of insulation of entire assembly to external temper- 
ature changes 

(2) Rate of application of heat 

(3) Distribution of heat - 

(4) Sensitivity and regularity of operation of thermostats 

(5) Position of thermostat 

(6) Degree of “ripple” attenuation 

(7) Operating temperature 


These factors will each be given a brief discussion. The influence 
of these factors on the design of units for specific problems will then be 
illustrated through brief и of certain types of temperature- 
control assemblies. 


(1) The better the heat insulation of the entire assembly from the 


atmosphere (and, in general, the higher the operating temperature) 


the easier it is to regulate the inner temperature to a desired degree of _ 


* Decimal classification: R214. Original manuscript received by the Insti- 
tute, August 6, 1930. 
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constancy. The better the insulation, the smaller is the heat-flow 
through the walls. A given temperature within the unit is then 
maintained through the application of a smaller amount of heat than 
is the case when the heat loss is large. This condition is favorable for 
the regular operation of most forms of thermostats. It must be borne 
in mind that a thermal balance exists and that under stable conditions, 
the average amount of heat applied 28 just equal to the average amount 
of heat lost through the walls of the assembly. Balsa-wood was found to 
be most effective as the insulation material. 

(2) If heat is applied too rapidly there is a definite tendency 
to produce “‘hot spots” near the heaters. If the thermostat is placed 
too far from the heaters, the rapid application of heat results in parts 
of the assembly being carried to temperatures which are far too high. 
When, finally, the heat “surge” reaches the thermostat, that device 
is also raised far above the temperature required for its operation. 
The result is that the temperature of the unit '"overshoots" the 
thermostat operating temperature, resulting in poor regulation 
(even with sensitive and reliable thermostats), since the average 
temperature is controlled, not by the thermostat, but by the rate and 
amount of “overshooting” and by the rate of heat loss from the unit. 

(3) The distribution of heat as applied to the unit is very im- 
portant. Localization of heat application can only be successful in 
assemblies in which a rapid circulation of a fluid (air or liquid) is 
maintained. (Because the use of liquid baths is very inconvenient 
for general electrical laboratory work, and as the use of any rotating 
machinery is undesirable in units which are to operate continuously 
over long periods with minimum attention, emphasis has here been 
placed on units involving neither of these elements.) 

If circulation of the air within the unit is to be avoided, it is neces- 
sary to distribute the heat-flow symmetrically around the space to be 
controlled. The ideal form would be a spherical space covered by a 
uniformly distributed heating surface. A close approach to this ideal 
is a cylinder, covered with a uniformly distributed heater around its 
circumference, with properly graded heating on the ends to simulate 
the conditions of an "infinite cylinder. 

For reasons of mechanical simplicity in manufacturing and for 
ease of access, a rectilinear form is preferable. In the units here 
described, heaters are mounted on all six faces of the distribution box 

1 W. A. Marrison, “A high precision standard of frequency,” Proc. I.R.E., 
17, 1103, July, 1929; Bell Sys. Tech. Jour., 8, 493; July, 1929. 

У. E. Heaton and W. Н. Brattain, “Design of a portable temperature-con- 


trolled piezo oscillator," Bureau of Standards Journal of Research, 4, 345; March 
1930; Proc. I.R.E., 18, 1239; July, 1930, 
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and are in the form of open grids,? covering as large a portion of the 
wall surfaces as possible, consistent with standardized construction 
of walls and heater clements. 

(4) The greater the sensitivity of the thermostat, (1.е., the smaller 
the temperature difference required to open and close the operating 
contacts) the better the possible degree of control, other factors being 
equal. The constancy of the operating temperature of the thermostat ts 
just as important as high sensitrrity, 

Examples of both bimetallic and mercury types which were 
rendered practically useless by extrancotis variations in Average oper- 
ating temperature were encountered in the development work as 
follows: Inthe bimetallic type the friction against which the bimetallic 
clement operated varied both with the adjusted operating temperature 
and with the degree of mechanical vibration to which the unit was 
subjected. In a mereury-type thermostat of experimental design 
having a thin-walled bulb of greatly flattened form, (for the rapid 
absorbtion of heat) the operating temperature varied markedly with 
air pressure. 

(5) The position of the thermostat, in a given assembly, greatly 
influences the degree of control obtainable. It is at once apparent that 
the thermostat should nol be placed in the space to be controlled as to do so 
requires the temperature of the space to vary enough їо cause the thermostat 
to operate. The space to be controlled should be enclosed hy the neces- 
sary distributing and attenuating walls, and the thermostat should be 
placed outside of these. In fact, the best position for the thermostat 
is in intimate contact with the outer face of the heat distribution wall, 
the distributed heaters being supported outside of the thermostat. 
Heat is transferred from tho heater grids to the wall surface mainly by 
conduction; there is little convection if heat is not applied too rapidly. 

Under these conditions the outer wall of the space is maintained 
very nearly at the average operating thermostat temperature (average 
of the “opening” and "closing" temperatures). The “ripples” caused 
by rise and fall of temperature necessary to operate the thermostat 
may be reduced to practically any desired extent? by suitable construc- 
tion of the walls. 

(6) If the heaters, thermostat, and heat distribution walls are 
properly arranged and operated, but little "ripple" attenuation is 
required to smooth out the short-period temperature fluctuations 
caused by the thermostat operation. In simple equipment where 


? Manufactured by The States Company, Hartford, Conn., under the trade 
name of “Ohm-Spun” resistors. | 
з W. А. Marrison, “Thermostat design for frequency standards,” Proc. 


Т.В.Е., 16, 976; July, 1928. 
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extreme constancy is not required, a distribution wall of aluminum 
(1/16 or 1/8 inch thick) will very largely eliminate the “ripples.” 
To meet more rigorous requirements, several layers of distributing 
material (aluminum) and attenuating material (asbestos or felt) may 
be necessary. The distributing material should have a relatively low 
heat capacity and high conductivity; the attenuating material should 
have high heat capacity and low conductivity. The effectiveness 
of the layers is also dependent onthe character of the surfaces; 
for example, polished aluminum is superior to coated. 

(7) The ease with which a given degree of constancy of temper- 
ature may be maintained in a given type of assembly varies with the 
operating temperature. It is apparent that if the temperature is to be 
maintained entirely by the addition of heat, the operating temperature must 
be substantially higher than the highest room temperature under which 
control is to be maintained. As the heat lost from the unit depends 
on the difference between the operating and room temperatures, given 
variations in room temperature will produce less disturbance of the 
conditions internal to the unit when the temperature difference is 
large, i.e., when the operating temperature is high. 

Unfortunately, high temperatures reduce the piezo-electric effects 
in quartz crystals, so that for control of these elements it is desir- 
able to operate them at as low a temperature as can be main- 
tained by the control assembly. General experience shows that an 
operating temperature of 50 deg. C (122 deg. F) is a fair compromise 
between these conflicting conditions, and this value is now quite 
widely accepted as standard for this work. In order that quartz 
crystals may be used interchangeably in various systems, it is necessary 
to choose a standard temperature by common agreement. For this 
reason, fine regulation of the crystal frequency should not be obtained 
by adjustment of the operating temperature. As there are other means 
for adjustment of the operating frequency, fixing the temperature en- 
tails no particular operating difficulties. 

Examples of temperature-control units built upon the foregoing 
principles will now be given. In the diagrams, a cross section of one 
wall of the units is given, indicating the location of the thermostat. 
It is understood that the character of the other walls surrounding the 
controlled space is similar to that indicated in the sketches. 


Tyrer I—SIMPLE CONTROL Unit 


The controlled space is surrounded by one-eighth inch aluminum 
walls over which, at a distance of one-quarter inch the heater cards 
are mounted. One card is supported somewhat farther away to permit 
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the mercury thermostat to be mounted between the heater and the 
aluminum wall. The thermostat is in intimate contact with the alumi- 
num and is held in place by an aluminum pocket secured to the wall. 
(Зее Fig. 1.) In units having controlled spaces of the order of 250 cubic 
inches, the instantaneous rate of heating required is 60 watts or some- 
what less. The thermostat keeps the heat “on” about one-sixth to one- 
tenth of the time, so that the average rate of heating is from 6 to 10 
watts. Sucha unit will regulate to better than +0.5 deg. С for room 
temperatures of 20 deg. C411 deg. C. 


ТЕМРСВА | MOY wooo cabiNET 
MEE | em 
| BALSA BOX 


Fig. 1 


Tyre II —SINGLE-STAGE CONTROL UNIT 


This unit is very similar to the Type I described above, but in- 
cludes a better attenuating and distributing system. (See Fig. 2.) 
Such units will regulate to about 0.1 deg. C under heating and temper- 
ature conditions given above. 


Tres III— T wo-SrAGE CONTROL UNIT 


Where great constancy of temperature is desired, it is in general 
simplest to obtain the desired result through the use of one temperature- 
control unit placed within another. The inner unit then has to operate 
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only against the temperature fluctuations remaining from the operation 
of the outer unit. If the room-temperature fluctuations are reduced by 
one unit by a factor of 20, for example, so that a single-stage control 
would hold the temperature to within one degree for 20 degrees 
change in the temperature of the room, then a similar single-stage unit 
placed within the first would reduce the variations from one degree to 
something of the order of 1/20th degree. In frequency standards the 
quartz element may be placed in the inner unit, and the balance of the 
driving circuit in the outer to save space. 

In the two-stage assembly indicated in Figs. 3 and 4 the inner and 


Fig. 4. Top view of complete crystal oscillator with double temperature con- 
trol. Shows location of crystal holder in inner unit, with thermostat on right 
wall; oscillator tube, circuits, and isolating amplifier are shown in position 
in outer unit. Outer thermostat is mounted on left wall. The entire assembly 
is mounted in a balsa-wood box, with two-inch walls 

outer units have instantaneous rates of heating of about 3.5 and 20 

watts, the average rates being 0.3 and 3.0 respectively. A constant 

heating of 6 watts due to the filament heating and 0.5 watt due to the 
plate dissipation of the two vacuum tubes used is supplied to the outer 
unit. This residual heating alone is sufficient to hold the temperature 
of the entire assembly about 17 deg. C above a room temperature of 
20 deg. C. 
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The arrangement of the unit is shown in the photograph, Fig. 4, 
the piezo-electric crystal being placed in the inner unit; the driving 
tube and circuits, as well as a coupling tube, are placed in the outer 
unit. The temperature of the crystal is maintained at 50 deg.+0.01 
deg. C while that of the circuit is maintained at 45 deg. +0.1 deg. С. 


Fig. 5. The interior assembly of the double temperature-control box is here 
shown removed from thé balsa-wood insulating container. The unit inside 
the larger box has heaters on all six faces, controlled. by a thermostat 
Toura on the rear face. The outer unit also has heaters distributed over 
all six faces, the thermostat being mounted at the center of the front face. 
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SOME EXPERIENCES WITH SHORT-WAVE 
WIRELESS TELEGRAPHY* 
By 
№. Н. Epes 
(Captain, Royal Signals, Catterick Camp, Yorkshire, England) 
Summary—An analysis is given of the factors that may be expected to de- 
lermine the transmission phenomena peculiar to any given shor{-wave channel. 
Tt is considered that the wavelength that will give the greatest probability of satis- 
factory communication. is determined by (а) the great circle distance between sender 


and receiver, (b) the geographical positions of the stations, (c) the time of year, and 
(d) the time of day. It is pointed out why the latitudes of the stations will be a perti- 


nent factor. 
Tt is shown how in China in 1927-28 it became desirable to be able to predict 


the effects of the various factors, and in particular to predict the “best wavelength.” 
The development of the British military short-wave system in that country 
and the inauguration of a series of tests are described. The method employed in 


the tests ts critically examined. 
A summary 15 given of the working experiences and the results of the tests over 


the various “links.” The diurnal and seasonal variations of best wanclenglh arc 
recorded, and it is shown that the seasonal variations coincide approximately with 


the equinoxes. 
The results of traffic-handling experience and tests are combined into а “range— 


best wavelength diagram" for the belt of latitude lying between. 80 deg. and 40 deg. 
North, and the question as to how closely the diagram might apply to other parts of 
the world is discussed. It is anticipated thal the curves for daylight would apply 
closely 10 any part of the world, but that those for darkness would need considerable 


modification for different latitudes. 


I. SCOPE or THE ARTICLE 


ance of short-wave wireless telegraphy which may be of direct 
use to wireless engineers, and which may indirectly help to 
coórdinate and confirm the results of previous physical research. 

The data were obtained in China between August, 1927, and 
December, 1928, as a result of the working of traffic and organized 
tests between the British military wireless stations in that country. 
The stations had been improvised for the maintenance of communica- 
tion between the British garrisons guarding “foreign”! lives and prop- 
erty during the civil war then raging. 

The writer justifies himself for bringing the results to notice on the 
grounds that, in China, there became available an extensive “labora- 


4 | ba writer's aim is to present some data concerning the perform- 


* Decimal classification: R113. Original manuscript received by the Insti- 
tute, August 4, 1930. 
1 “Foreign,” i.e., non-Chinese. 
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tory” stretching over 1200 miles and 17 deg. of latitude. “Research 
workers” were not lacking, and willing ones at that. 

As far as military exigencies would permit, advantage was taken 
of such an opportunity. 

The writer has merely tried to apply an integrating process to the 
many hours of hard work put in by the noncommissioned officers and 
men who made up the operating and maintenance staffs of the stations 
concerned. This work was always carried out well and cheerfully, 
much of it under conditions of traffic congestion and emergency, and 
in a bad climate. 


II. GENERAL CONSIDERATIONS 


In the last few years the increasing use of the shorter waves for 
wireless telegraphy has brought into prominence certain peculiarities in 
their behaviour. The earlier instances of successful short-wave com- 
munication over long distances with the use of low power were at 
first ascribed to transient and unusual combinations of favourable 
circumstances. It was thought that they were “freaks.” 

Further experiment showed that such results were often obtain- 
able. But the ratio of the number of failures to the number of successes 
was considerable. 

Much of the earlier work was done by amateurs who were, however, 
closely followed up by professional investigators and by the commer- 
cial companies. 

In the last two or three years research on the subject has proceeded 
apace. The existence of the phenomenon known as “skip effect” has 
come to be generally accepted, the occurrence of “fading” is established 
beyond doubt, and to provide at least a partial explanation of the 
observed effects the theory of the mechanism of propagation has had 
to be both trimmed and embellished. 

The problem is complex. There are many variables that may be 
expected to affect the motion of a wave between transmitter and re- 
ceiver. Any attempt to establish the influence that each factor contrib- 
utes towards the observed effect amounts to a problem in statistics. 

In considering the prospects of communication between two sta- 
tions, the factors that we may expect to be operative are: 


(a) The power and aerial system of the transmitting station. 


(b) The aerial system and circuit arrangements of the receiving sta- 
tion. 


" ? The writer has here taken the liberty of including Hong Kong in the 
laboratory." It was a separate Command, and had built the first military 


caer eve sets to be used in China, just before the Shanghai_Defense Force 
anded. Е 
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(c) The great circle distance between the stations (hereinafter called 
the “range”). | 
(4) The distribution of electrical conductivity over the earth’s sur- 
face, particularly in the area near the great circle joining the stations. 
(e) The distribution in space of the ionization of the earth’s atmos- 
phere, particularly in the region near the diametral plane through 
the two stations. | 
(f) The wavelength in use. 
Now, although (a) and (b) will always affect the results, we shall, 
for the present, assume that they are given. 
(c) we shall take to be an independent variable. | 
(4) is beyond our control and will vary, but it will lie between the 
lower limit for the earth’s crust and the upper limit for sea water. As 
a first approximation it will be assumed that its effect is small com- 
pared with that of each of the other factors. 
(f) may, for the present, be regarded as an independent variable. 
(e) is beyond our control, and we have no direct method of measur- 
ing it. But it may be expected to depend in turn on the following more 
elemental factors: 
(g) The intensity of solar and other ionizing activities at the time of 
the experiment. | 
(h) The geographical positions of the stations. 
(i) The time of year. 
(j) The time of day (taken at either station). 


There is no simple way of measuring (g), which we shall, perforce, 
assume to be of sensibly constant value. But (h), (i), and (j) are 
known. 

With the reservation, then, that there are other factors that may 
affect it, we can now restate our problem as being determined by the 
following: 

(a) Range 

(b) Geographical positions of stations 

(c) Time of year 

(d) Time of day 

(e) Wavelength 

If the stations are not to be more than a few hundred miles apart, 
we may, as а first approximation, for (b) substitute the belt of latitude 
in which both stations are situated.’ | 


? This substitution may, however, introduce discrepancies at the periods 
round about dusk and dawn. For at those times the direction of the line Joining 
the stations relative to the contour-direction of the shift-region of the Kennelly- 
Heaviside layer (or layers) may be expected to become significant. 
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The wireless engineer has no concern with what befalls those waves 
that fail to “get through.” For him the problem is to be able to pre- 
dict, for a given set of conditions, the band of wavelengths that will 
give the greatest probability of successful communication. 

We shall call the central wavelength of this band the “best wave- 
length.” 

From this point of view the problem may be regarded thus: 


(Range 
Given conditions Belt of latitude of stations 
(independent variables)| Time of year 

Time of day 
Required condition. .... Best wavelength 


(dependent variable) 


Now the effects of varying range and time of day were apparent 
even in the early experiments with short waves. They have been 
taken into consideration by all investigators. 

The seasonal change is, perhaps, less apparent, but it has been 
referred to in the work of some investigators. 

The writer is not, however, aware that the effect of latitude has 
ever been noted. 

Yet is it not to be expected that latitude will be a pertinent factor? 
For example: 

(a) The arctic (or antarctic) regions experience for half the year the 
ionizing conditions associated with summer and daylight, and for the 
rest of the year those associated with winter and darkness. The varia- 
tion is almost entirely seasonal. 

(6) The tropics experience an almost reguiar diurnal change. Sea- 
sonal variation is almost nonexistent. 

(c) The temperate zones experience both diurnal and seasonal varia- 


tions, the relative effects of the two depending on the latitude. 


The multiplicity of variables seems to indieate that the establish- 
ment of an empirical law for deriving “best wavelength" in terms of 
given conditions can be evolved only from the collection of a large 
number of statistics obtained under various sets of such conditions. 

The data in this article are submitted in the hope that they may 
serve to fill a small part of the gap in the statistics hitherto available. 


III. Tue PROBLEM IN CHINA 


In the winter of 1926-1927 the Chinese Nationalist movement 
and the resultant civil war assumed large proportions. The advance of 
the Cantonese forces threatened Shanghai. For the defense of British 
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interests, the Shanghai Defense Force was dispatched. It reached 
Shanghai in February and March, 1927. 

The military communication problems immediately encountered 
were mainly those connected with the local defense of the Interna- 
tional Settlement. 

In South China, however, Hong Kong had improvised two short- 
wave sets for use at Hong Kong and Shameen (an island near Canton 
containing a European settlement) and two more which were sent to 
Tientsin and Peking, in North China. The sets were capable of a 
wavelength variation from about 20 to 60 meters. 

The Shanghai Defense Force had facilities for communication 
with North and South China by means of the ordinary cable routes, 
the Royal Navy and the Royal Air Force, the last-named working 
with the military stations at Tientsin and Hong Kong mentioned 
above. 

The Nationalist drive having passed Shanghai, and the situation 
in and around that city having stabilized, endeavours were made to 
complete the military chain of communication. 

The construction of a set at Shanghai was completed by August, 
1927. Soon afterwards two sets were received from England, and one 
of these was manned and sent to Weihaiwei. 

The positions of the stations and the ranges between them are 
shown in Fig. 1. 

The earlier experiences with these stations revealed inconsistencies 
and discrepancies. | 

Hong Kong seemed to have little difficulty in working Shameen at 
all times and seasons on 30 meters. Yet communication during dark- 
ness between Tientsin and Peking, although the range was not very 
different, was often impossible on any wavelength. During the winter 
nights, communication always failed. 

At night, Hong Kong and Tientsin could usually communicate on 
30 meters. 

The links Shanghai-Tientsin and Shanghai-Weihaiwei worked well 
by day on 27 to 29 meters, and at night on 43 meters until winter set 
in. It was found that the wavelength for night working then had to 
be increased to the upper limit of the sets. 

The link Tientsin-Weihaiwei had characteristics similar to, but 
not so extreme as, those of Tientsin-Peking. 

Broadly, the situation at the time was as follows: А short-wave 
chain had been established, lying roughly north and south. The power 
(input to the valves) of the stations varied between about 100 and 300 
watts. It had been expected that the degree of successful communica- 
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tion would vary with the range and time of day. It had been expected 

that the wavelength used would influence results, but that it would not, 

prove to be a critical faetor. Some slight seasonal variation had been 

anticipated. Latitude had not been regarded as à pertinent factor. 
Expectations were partly fulfilled, partly falsified. 
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Fig. 1—Great circle ranges shown in miles. 


It was thought at first that the discrepancies were attributable to 
the different aerial systems in use, or to the individualities of opera- 
tors and sets 

The first. supposition Was tested by the trial of various types of 
acrinls, But it was found that the supposition did not fit the facts. 
The general conelusions regarding aerials were: 

(а) For short-wave work the directional effect was small compared 
With the effect of other factors, 
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(b) A horizontal half-wave Hertzian aerial gave good results for the 
wavelength for which it was designed. It was, however, inflexible to 
changes of wavelength. 

(c) A vertical aerial (including and T types) working on harmonics 
of fairly high order was flexible to changes of wavelength, though for 
a given wavelength its performance was not quite so good as that of a 
half-wave aerial designed for that particular wavelength. 

(c) The influence of the design of the aerial was swamped by that of 
the other factors (to be discussed). 

The second supposition (individualities of operators and sets) 
was to а large extent negatived by the results of the tests described 
later. 

The pressing problem was how to ensure the speedy disposal of 
таве which was liable to grow suddenly at short notice (and the 
peak might occur on any one of the links). How could the best wave- 
length for each link for the continually changing conditions be pre- 
dicted? The relative effects of the various factors were not fully known. 

The different stations favored different wavelengths, since each 
was confronted with a set of conditions peculiar to itself. Each link had 
its traffic peak-hours. These peak-periods often clashed at any station 
serving more than one link. 

Factors other than purely physical conditions were involved. Each 
new phase in the political or military situation was liable to necessitate 
the complete recasting of the time and wavelength schedule. These 
phases could not always be predicted, and the difficulties of wireless 
control became considerable. 


IV. INAUGURATION ОЕ TESTS 


It was decided that it was essential to be able to anticipate at 
least the changes in the purely physical conditions, and to be able to 
predict the wave-band that would give the greatest probability of suc- 
cessful communication over each link for any particular set of condi- 
tions. : 

In order to obtain some definite data, a series of tests was started 
in January, 1928, but completeness was prevented by the very heavy 
traffic from April onwards. 

In May the already hard-pressed Wireless Section took over the 
Royal Air Force station in Shanghai which had been handling the traf- 
fic for home and much of the traffic internal to China. In June the 
Nationalist advance was approaching the Tongshan area, in North 
China, where there were European interests. A military wireless sta- 
tion was sent from Shanghai to accompany the force being dispatched 
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to guard the Tongshan area. The station quickly established com- 
munication and immediately came in for heavy traffic with Shanghai, 
Tientsin, and Wei hai wei. The land-lines on either side of Tongshan 
were cut in succession by the rival Chinese armies as the Nationalist 
advance approached and passed Tongshan. The wireless station was 
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Fig. 2—Great circle ranges shown in miles. 


therefore for some time the only means of signal communication be- 
tween the garrison and the outside world. 

The culminating point of the period of heavy traffic was reached 
in September when in one week the two Shanghai stations alone 
handled more than 23,000 words. 


The links in operation from June to October 1928 are shown in 
Fig. 2. 
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У. Метнор EMPLOYED IN THE TESTS 


The sending station sent daily a series of transmissions on different 


‚| wavelengths in accordance with a prearranged program, each wave- 
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length being distinguished by a pair of letters allotted beforehand. 
The receiving station tabulated these wavelengths with the signal 
strengths at which they were received. Signal strengths were esti- 


mated in the ordinary “В” code (0 to 9). 
The records were then collected and divided into batches, each 


batch representing half a calendar month. 

By taking the arithmetic mean of the signal strengths for each 
wavelength throughout each batch, figures were obtained which en- 
abled the plotting of a wavelength signal-strength curve for each 


half month. 
The results obtained between January and June 1928 are shown in 


Figs. 3 to 6. 
VI. WEAKNESSES OF THE METHOD 


The method was essentially qualitative rather than quantitative, 
and suffered from the following defects: 
(a) The “R” code contains considerable ambiguity owing to the 
physiological differences between operators. 
(b) Even if we assume all operators to have the same scale of estima- 
tion of signal strength, the figures of the “R” code bear no simple re- 
lationship to the actual field strength at the receiving station. They 
do, however, give an indication of its magnitude. 
(c) Each set and aerial undoubtedly has its own characteristics, which 
will influence the results and prevent them from being necessarily 
and generally valid. 
(d) Changes of operators and of receiving sets were from time to 


time unavoidable. 
The only way to overcome these weaknesses would have been to 


conduct elaborate experiments involving the use of special sets and 
recording apparatus. This, of course, was impracticable. 


VII. PROBABLE DEGREE oF ERROR 


Referring to the above defects in turn: 
(a) Reliefs of operators were allowed to follow their normal course, 
because the experiments were subordinate to the working of traffic, and 
because it was considered that the effect of preferences for different 
wavelengths by different operators would thus be merged in the general 
results. 
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(b) This does not invalidate the figures for the best wavelength. 


р 


(с) When the first curves were plotted it was thought that this source || 


of error might be influencing results unduly. But the diurnal and | 


seasonal variations of the curves go to prove the contrary. 

(d) These took place without any consideration of the experimental 
work. Although possibly causing temporary error, over long periods 
they should tend to eliminate “personal prejudice.” 


The records of normal working experiences and of experimental | 


work were filed and summarized separately, and compared afterwards. 

It is thought that the agreement between the conclusions arrived 
at by the two methods lends strong support to a belief in the approxi- 
mate validity of the results. 


VIII. SUMMARY or WORKING EXPERIENCES AND RESULTS or TEsTS 
OVER THE VARIOUS LINKS, FOR THE PERIOD JANUARY 
TO JUNE, 1928, INCLUSIVE 
М. В. The links are dealt with in order of range. 
(a) Tientsin-Peking. Range 67 miles. 

Perhaps the most interesting of all the links because of the complete 
"skip effect" during winter darkness. 

1. Daylight. 

In January and February all wavelengths between about 36 and 
98 meters gave reliable results. 

Signals on 30 or 32 meters were very erratic. 

In April, 54 meters gave best results, but all wavelengths, particu- 
larly the higher ones, were subject to occasional fading. 

From the end of April till the end of J une, 44 to 46 meters appeared 
to be best. Communication was reliable on about 5 days out of 7 
but on the other 2 days signals were weak or inaudible over periods 
of 3 or 4 hours. On one occasion they were unreadable from 0900 to 
1600 hours. 

The acute fading of daytime signals on the 40-to 60-meter band, 
Which was first noticed in April, tends to show that summer days are 
particularly subject to this effect. Similar results were observed in 
the summer of 1927, Day signals on this band during the winter were 
fairly steady. 

2. Dusk. 


At all seasons signals were good on all wavelengths from about 45 
to 58 meters, the best wavelength being about 50 meters. 
3. Darkness. 


In January and F ebruary no signals were heard until February 
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| 27th. This was the first occasion on which night signals had been 
111 heard since early October, 1927. 
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In March, 58 meters became more and more reliable, wavelengths 
below 46 meters remaining unreliable. 

In April, May, and June, communication remained fairly consistent 
on 58 meters. 36 and 32 meters were only occasionally heard. 

Occasional interference was caused by dust storms, which some- 
times delayed traffic for several hours. (The impact of grains of sand, 
etc., on the receiving aerial causes noise somewhat similar to that 
caused by atmospherics). 


4, Experimental. 
Curves for daylight and dusk periods in January and February are 


| given in Fig. 3. They show a very definite “best wavelength” of the 
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order of 50 meters. 
It has already been stated that night signals were never heard in 
the winter months. The daylight curve for the second half of April 


‚ shows a best wavelength of 54 meters. The dusk curve for the same 


period shows one of 50 meters, and the darkness curve one of 58 meters. 


(b) Tüentsin-Linsi^ Range 80 miles. (June to October only). 


; 1. Daylight. 


Linsi station came into operation on June 25th. 

No tests were held, but while the 44- to 46-meter band did not seem 
nearly so good for day working as it was between Tientsin and Peking, 
32 meters seemed rather better, though the latter was by no means 
reliable. 

2. Dusk and darkness. 

Results were practically identical with those between Tientsin and 
Peking. | 
(c) Peking-Linsi. Range 112 miles. (June to October only). 

While Linsi’s strength was often different at Peking from what it 
was at Tientsin, the mean strength seemed to be about the same. The 
only marked difference noticed was that Peking heard Linsi R8 to R6 
on 32 meters at 2200 hours, Linsi being inaudible at Tientsin. 


(d) Tientsin-Wethaiwet. Range 300 miles. 


1. Daylight. 
From January till March communication was reliable on all wave- 


| lengths between 28 and 62 meters. In the first half of March 46 to 


58 meters was best. In April 28 meters was best. From early May 


4 Linsi was the actual site of the station serving the Tongshan area. 
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Fig. 3—Tientsin and Peking. Range 67 miles. 
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reliability decreased, the band 28 to 50 meters being best. Sometimes 
communication failed altogether. 


2. Dusk. 

From January till March 18th signal averaged R8 to R9 on 58 
meters. From then onwards signals were consistently R9 on all wave- 
lengths. 

3. Darkness. 

From January until Mareh communication was reliable on the 
longer wavelengths, but wavelengths below 42 meters were practically 
useless. 

From May onwards conditions became very bad, fading being 
common. Signals averaged R6 on 32 to 58 meters and R5 on 28 meters. 


4. Experimental. 

Results of tests are given in Fig. 4. 

(e) Shanghai-W eihaiwei. Range 450 miles. 
1. Daylight. 

A wavelength of from 27 to 29 meters was used thr oughout the six 
months and proved consistently satisfactory, signals often being R9 
and seldom less than R7. 

2. Dusk. 

Forty-three to 45 meters gave good results from January to March, 
signals usually being R9. Twenty-nine meters was tried in January, 
but although signals were sometimes R9, they often faded out com- 
pletely. 

After the March equinox, 38 and 46 meters seemed equally effec- 
tive. 

During May and June à wavelength of from 29 to 32 meters was 
best, but failed sometimes, and fading often caused difficulty. 


8. Darkness. 

In January and February it was only on two or three occasions that 
communication could be established. On these occasions signals were 
weak, and were obtained by the use of the highest wavelengths of 
which the sets were capable—about 60 meters. 

As the spring equinox approached, the ratio of successful to unsuc- 
cessful attempts increased, the higher wavelengths still being best. 

By the end of April conditions had changed to such an extent that 
communication was usually possible, and a wavelength of the order 
of 30 meters seemed to give best results. 

During May communication on 29, 32, and 46 meters was very 
reliable, and much traffic was handled. 
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4. Experimental. 

The only tests that it was possible to carry out with any degree of | 
continuity were a series of daylight tests from April to June. For the ; 
second half of April they indicate a best wavelength of less than 25 | 
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Fig. 4— Tientsin to Weihaiwei. Range 300 miles. 
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meters, for the first half of May one of 30 to 35 meters, and for June 
one of about 30 meters. See Fig. 5. i | 


(f) Shanghai-Tientsin. Range 620 miles. 
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H 

| 

it. Daylight. 

| Throughout the six months daylight communication was alto- | 

"izether satisfactory, signal strength each way usually being from R6 

5 ‘to R8. 
‚ Опе of the Shanghai stations used 29 meters, the other 23 meters, 

= Tientsin 29 meters. 

{| The 23-meter wave proved particularly reliable. 
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n During the greater part of January communication was uncertain 
| 5 р y 


| on all wavelengths, but throughout February and until the middle of 
| March it was generally good on 58 to 62 meters. During the second 
|| half of March communication failed in one direction or the other as 
ti often as it succeeded. 
| In April 32 meters usually gave good results. In May 32 meters 
| gave generally good results, but atmospherics began to make their 
presence felt, and, even when atmospherics were slight, signals on 
| several occasions were not heard at all. 
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From June 1st to 11th, 28-32 meters proved more reliable than it 
` had been in May. On June 11th the time-table was recast to meet 
traffic requirements, and the period at dusk was abandoned. 
8. Darkness. 

During January all wavelengths obtainable by the sets were tried, 
but failed more often than not, particularly in the direction Shanghai 
to Tientsin. The higher wavelengths (58 to 62 meters) gave the best 
results. 

In February there was a marked increase in reliability, a wave- 
length of 58 meters failing on one occasion only. 

During March 58 meters was again satisfactory, but towards the 
end of the month it was found that all wavelengths down to 28 meters 
were as good as the higher ones. 

Experiences in April, May, and June were similar to those at the 

end of March, i.e., all wavelengths from about 30 to 60 meters were 
equally satisfactory. From the beginning of May atmospheries in- 
creased but, owing to the considerable strength of signals, seldom pre- 
vented the passing of traffic. 
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4. Experimental. 

Very little experimental work was possible in daylight owing to 
traffic requirements, but tests carried out in April and May indicate 
a best wavelength of about 30 meters for April and the first half of 
May, and something less than 25 meters for the second half of May. 

Experiments round about dusk (actually at 1830 hours, China 
time) were carried out in March and April. For the first half of March 
the best wavelengths seem to be from 40 meters upwards. For the Fi 
second half the best band is from 35 to 60 meters. 

In the first half of April results were somewhat uncertain, 45 meters 
probably being about the best wavelength, while in late April the | 
results were so discordant as to make it impossible to state a best : 
wavelength. (See Fig. 6.) К 

The tests carried out over this link during darkness are of con- 
siderable interest, first, because they are the most complete of the 
series, and second, because they show to a marked degree the influence 
of the seasons. (See Fig. 6.) 

In the latter half of January practically nothing below 40 meters £j 
was effective, but mean signal strength rose rapidly on wavelengths — | 
between 45 and 55 meters. From then until the end of March the 
shorter wavelengths came more and more “into the picture” until 
after the spring equinox (March 23rd) all wavelengths between about 
30 and 60 meters (the upper limit of the sets in use) gave a mean 
strength of approximately R9. 
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The change from winter to summer conditions was most definite, 
and coincided closely with the actual astronomical date. 


| (9) Shanghai-Linsi. Range 620 miles. (June to October only). 
Working experiences were almost identical with those for the link 
Shanghai-Tientsin. 
The heavy traffic prevented experimental work. 


(h) Shanghai-Peking. Range 680 miles. 
Working experiences were similar to those for the link Shanghai- 
| Tientsin, except that communication was not quite so reliable. Peking 
was much handicapped by local jamming. 

Very little traffic was handled, though arrangements were made in 
May, when the fall of the native quarter of Peking to the Nationalists 
was imminent, for passing traffic between Peking and Tientsin via 

f Shanghai in case of need. 

; The periods allotted to the link often had to be cancelled owing to 
t- pressure of work between Peking and Tientsin. 

No experimental work was done. 


| (2) Shanghai-Hongkong. Range 780 miles. 
Hongkong worked on a fixed wavelength of 30 meters. 


i 1. Daylight. 
| Communication was maintained throughout January, but Hong- 
{ kong seldom reported Shanghai’s strength as more than R5. Shanghai 
Ц used 27 to 29 meters. 

In February signals in both directions weakened and there were 
| several complete failures. 
{ There was a slight improvement in early March, but towards the 
; end of the month communication became very unreliable, usually 
À failing completely in the direction Shanghai to Hongkong, while 
i Hongkong's signals were so weak as to be unreadable. 


[| In April and the first half of May communication failed in both 
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In the summer and autumn it was found possible to send with a 
fair degree of reliability from Shanghai to Hongkong on 23 meters. 
But signals in the reverse direction (on 30 meters) were nearly always 
unreadable through the jamming prevalent in Shanghai. 


2. Darkness. 
Communication was satisfactory using the same wavelengths as 
for daylight, except that after summer conditions had set in 32 and 


eme cmm qe ivt ertet МВ ложа 


2028 Edes: Short-IFave Wireless Telegraphy 


39 meters gave rather better results as sending wavelengths for Shang- : 


hai. 
In May there were some failures due to atmospherics. 
8. Experimental. 
Practically no experimental work was possible, owing, chiefly, to 
traffic requirements between Hongkong and Shameen. 
(7) Tientsin- Hongkong. Range 1130 miles. 
Until March 14th no regular tests were held. 


Communication had been maintained since January 30th at 1000 - 


hours daily, and traffic passed, both stations using approximately 


30 meters. Tientsin received Hongkong at a mean strength of R7, and | 


Hongkong received Tientsin at а mean strength of R8 to R9. 


Hongkong was received occasionally at strength R4 to R5 be- : 


tween 0800 and 0900 hours, and at strength R5 to R6 between 1600 
and 1800 hours, but these periods were inconsistent. 

Between March 1£th and May Sth pressure of traffic at Tientsin 
prevented any daylight tests. 

Hongkong on 30 to 32 meters was occasionally heard R3 to R4 
between 0800 and 0900 hours, but then faded out and came in again 
between 1600 and 1800. Hongkong averaged about R6 at 1900 hours 
and heard Tientsin at strength R6 to R9 at this hour. Hongkong 
usually heard Tientsin's sending tests at 2200 hours at strengths vary- 
ing between R5 and R8. The longer wavelengths were heard much 
more consistently than were the shorter ones. 

From May Sth until the end of June daylight tests.in both direc- 
tions were carried out, but nothing was heard. Tientsin sent on 20 to 
26 meters and Hongkong on about 30 meters. At 1900 hours signals 
in both directions were about R4 to R6, with a slight, decrease from 
May to June. Hongkong heard Tientsin's tests at 2200 hours at 
about the same strength as in March and April. 


(k) Shanghai-Ismailia (Royal Air Force). Ra nge 6100 miles. Shanghai- 

Wellington (New Zealand). Range 6100 miles. 

These links had been worked by the Royal Air Force in Shanghai 
until May, 1928, when the Royal Air Force Station in Shanghai was 
taken over by the Army. 

The station at Wellington was erected by the Publie Works De- 
partment, Wellington, with the assistance of a Royal Signals Warrant 
Officer, and manned by the Central Depot Corps of Signals (New 
Zealand Territorial Force). 

The work in Shanghai was taken over from the Royal Air Force 
at the time of year when atmospherics and fading became trouble- 
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‚ воте. It happened, too, that the events in North China which led 
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to a very large increase of traffic occurred soon afterwards. 
Periods with the two distant stations were worked only while the 
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1 
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| Throughout the summer and well into the autumn conditions 


4 between Shanghai and Ismailia were unfavorable, signal strength 


У varying from R7 to R3 or less. Atmospherics were heavy, and fading 


} 


H 
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usually set in at about 0600 hours (China time). 23 meters was tried 
from 0600 hours onwards, but with no success. 

Conditions for the link Shanghai-Wellington were much more 
favorable. Wellington usually received Shanghai at strength R9, and 
signals in the opposite direction were almost as good. 

In November and December conditions on the link Shanghai- 
Ismailia became favorable again, and traffic could nearly always be 


i^ cleared. 


m—— 


ipie tton iate mant n 


TEM It 


TED Orem unm en tee rit 


IX. Tur Perron Јогу-Ресемвев, 1928 


In section VIII has been given a summary of the experiences over 
a period embracing both winter and summer conditions. 
As winter once more approached, the changes of wavelength ap- 


‚ propriate to each link had to be carried out in accordance with the 


experience derived in the previous season. 

The transition from summer to winter conditions seemed to lag 
by about half a month behind the autumnal equinox. The curves de- 
rived from the results of tests (not reproduced in this article) showed a 
similar transition (in the reverse order) to those for spring, but the 
transition was not so abrupt, and was accompanied by discontinuities. 
The seasonal change was not perfectly symmetrical about the summer 
solstice. An interesting feature which also showed asymmetry was 
that atmospherics, although they did not begin to be troublesome 
until May, were heavy throughout the summer and early autumn, and 
did not become inconsiderable until the end of October. | 

Once winter conditions had fully set in, the values for best wave- 
lengths obtained during the previous winter were completely con- 
firmed. 

X. AN ATTEMPT TO GENERALIZE THE RESULTS 


The work in China showed the advantages possessed by short- 
wave wireless telegraphy as a means of handling comparatively heavy 
traffic over medium and long ranges with the use of low power and in- 
expensive apparatus. 

But the limitations to its use were also revealed. 

The limitations are chiefly due to the necessity for changing wave- 
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lengths to meet different sets of physical conditions. Unless the con- 
ditions under which a group of stations will be required to operate can 
be anticipated, and their influence predicted, difficulty will be found 
in searching for suitable day and night wavelengths for the various 
links, and in readjusting those wavelengths to meet the seasonal 
changes. 

The question is of commercial as well as of military importance. 

Given a large enough number of statistics it should be possible to 
construct tables or curves, or even an empirical law, to show the best 
wavelength in terms of the conditions. The breadth of the wave-band 
within which successful communication may be expected is also of 
practical importance. 

In Fig. 7 is shown an attempt to incorporate the results of traffic 
experience and tests in a “Range-Best Wavelength” diagram, for the 
belt of latitude lving between 30 deg. and 40 deg. 


The following notes supplement the diagram: 
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(а) The full line shows what is considered to ђе the best wave- 
length for given range. 


pe пряжа. 


(b) The dotted lines show the upper and lower limits of wave- 
length giving workable signals. 
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The effect of increasing the power of the sending station is to 
broaden the strip (shown shaded) bounded by the dotted lines. 

For darkness (summer and winter) no upper limit was found. If 
there is an upper limit it lies bevond the highest wavelength that could 
be reached by the sets in use at the time. 


(c) The curves for davlight are а pproximately the same for summer 
and winter, It is thought that the same curve would apply closely 
for any part of the world, whatever the latitude, provided both stations 
were in daylight. 


An approximate law for hest wavelength is given by: 


X —0.046 (1120-0) 
where А is the best wavelength in meters and d is the range in miles. — 7 
It appears that, witli a power input of the order of that used at the 


stations in China, а daylight range of more than about 1200 miles 
cannot be expected. 


(d) The curves for darkness are much more uncertain than those 


for daylight. It is thought that they would vary considerably with 
the latitudes of the stations. 
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(e) Best wavelengths for cases where the 
autumn, dusk, or dawn prevail are inte 
for the extreme conditions. 


conditions of spring, 
rmediate between those shown 
Within the transition periods near the 
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llequinoxes and near dusk and dawn, the value of best wavelength can- 
‘not be accurately computed, since it varies throughout the transition 
"period. 
| (f) To try and solve the difficulties of winter night communication 
between Tientsin and Peking, it was decided to raise the upper wave- 
length limit of the sets in use at those places. Since his return to this 
‘country the writer has learned that this step was carried out, with 
P complete success. A wavelength of about 80 meters seems to have 
| provided the solution. | 
| The contrast between the results, as described, for Northern China 
4i and the experiences of Hongkong on 30 meters lends strong support to 
the belief that latitude is an important factor in the problem of noc- 
turnal communieation. | | 

Оп the other hand the similarity of the range-best wavelength 
curves for summer and winter daylight suggests that the influence 
of latitude on daytime communication is almost negligible. 

It would be interesting to obtain and compare equivalent sta- 
‘tistics for regions of higher and lower latitudes than those to which 


1 the data in this article are directly applicable. 
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BASIS ESTABLISHED BY THE FEDERAL RADIO COMMISSION 
FOR THE DIVISION OF RADIO BROADCAST 
FACILITIES WITHIN THE UNITED STATES* 


\ Т a session of the Federal Radio Commission held at its office in 


Proceedings of the Institute of Radio Bngincers 
| 
| 


Washington, D. C., on June 17, 1930, the Commission adopted 
the following General Order: | 
WHEREAS, the Act of Congress approved March 28, 1928, en- | 
titled “An Act Continuing for One Year the Powers and Authority of 
the Federal Radio Commission under the Radio Act of 1927, and for · 
other Purposes,” provides and declares that “The people of all the | 
zones established by section 2 of this Act (Radio Act of 1927) are en- | 
titled to equality of radio broadeast service, both of transmission and 
of reception,” and 
‚ WHEREAS, said Act approved March 28, 1928, above referred to, · 
also provides and requires that “in order to provide said equality the | 
licensing authority shall as nearly as possible make and maintain ап | 
equal allocation of broadcast licenses, of bands of frequency or wave- | 
lengths, of periods of time for operation, and of station power,” and ^! 
WHEREAS, it was the intent and purpose of Congress to secure an jj 
equal distribution of radio broadcast service, both of transmission and 
of reception between the five zones aforesaid, and | 
WHEREAS, it is necessary, in order to make and maintain such 
equal allocation between said five zones and fairly and equitably be- 
tween the states within each of the zones, that the Commission deter- 
mine the value of stations of various classes or of various powers in 
effecting such allocation, and 
WHEREAS, the Commission has sought and obtained the best 
advice and information available and has given much time to ап inten- ` 
sive study to such values of stations of various powers, and 
WHEREAS, the Commission, through its engineers and from stu- 
dies made by the Commission has considered all the elements required + 
by Congress to be considered, and has allowed the paramount intent | 
and purpose of the Act of March 28, 1928, above referred to, to control, 
i.e., “that the people of all the zones* * * * are entitled to equality of 1 
radio broadcast service, both of transmission and of reception,” and | 
WHEREAS, it has been found that, according to the broadcast ү 
service rendered to the people of each zone and of the states within each 
zone by stations of various classes, both of transmission and of recep- 
tion, each class of station is of the following value in units, to-wit: 


* Decimal classification: В007. Original manuscript received by the Insti- 
tute, July 7, 1930. 
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Classes. of Stations 


А. For Есіл, TIME STATION 


(1) Stations of a power of 5 kw or more, one station 
only operating on the channel at night 

(2) Stations of a power of 5 kw or more, two stations 
operating simultaneously on a common frequency 
and separated by 2000 miles or more 

(3) Stations of a power of 5 kw or more, two or more 
stations operating on a common frequency and 
stations separated by less than 2000 miles 

(4) Stations of a power of 1 kw, two or more stations 
operating simultaneously on a common frequency 

(5) Stations with 500-watts power with more than 2 
stations operating simultaneously on a common 
frequency 

(6) Stations with 250-watt power with more than 
two stations operating simultaneously on a com- 
mon frequency 

(7) Stations with 100-watts power or less, with two or 
more stations per zone operating simultaneously 
on a common frequency 


. Day STATIONS 


(1) Stations of a power of 5 kw operating during 
daylight hours only simultaneously with stations 
of Class A(1), above 

(2) Stations of à power of 2.5 kw operating during 
daylight hours only 

(3) Stations of a power of 1 kw operating during 
daylight hours only 

(4) 500-watt, 250-watt, or 100-watt stations operating 
during daylight hours only, one-half values given 
for corresponding full time stations above 


. FuLL Timez Stations Havine Excess Day POWER . 


All stations shall have their values in units based on 
one-half the units for full time stations of same power 
as the stations have at night plus the value in units 
for a day station of the same power as the station has 
in daytime as follows: _ 

1 kw night 24 kw day equal 

500 watts night 1 kw day equal 

250 watts night 500 watts day equal 

100 watts night 250 watts day equal 
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Value in Units 


5 units 


4 units 


2 units 


] unit 


0.6 unit 


0.4 unit 


0.2 unit 


1.5 units 


0.75 unit 


0.5 unit 


1.25 units 
0.8. unit 
0.5 unit 
0.3 unit 
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D. Limiry Time STATIONS 


various classes, powers, and time of o 
fixed in units as above set forth, and 
IT IS FURTHER ORDERED that each of the five zones created 
by Section 2 of the Radio Act of 1927 shall each have broadcast sta- 
tions the total value in units of which shall be equal, and shall be fairly 
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For stations of more than 5 kw the value of units will 
be the same for all powers. The units will be based 
on 5 units. The units for each station will therefore 
be 2.5 for day operation plus 2.5 times hours used 
between 6:00 r.m., and 12:00 P.M., Local Time, divided 
by 12. ‘ 

Stations over 5 kw operating 1 night hour 
2 night hours 
3 night hours 


For stations of 5 kw the basis shall be 1.5 units for 
day operation the same as a 5 kw day station given 
above, plus 2.5 units times hours used between 6:00 
р.м. and 12:00 р.м., Local Time, divided by 12. 
Stations of 5 kw operating 1 night hour 

2 night hours 

3 night hours 
For stations operating with power of 1 kw, 500 watts, 
and 250 watts, the value in units shall be the same as 
for a day station plus the value in units of day station, 
times number of night hours used between 6:00 р.м. 
and 12:00 p.m., Local Time, divided by 12. 
1000-watt stations operating 1 night hour 
2 night hours 
3 night hours 
1 night hour 
2 night hours 
3 night hours 
1 night hour 
2 night hours 
3 night hours 


900-watt stations operating 


250-watt stations operating 


For stations dividing time on the same frequency the 
value assigned will be in proportion to the time as- 


‘signed. 


It is therefore 


2.7 units | 
2.9 units 
3.1 units 


i 
| 
| 


1.7 units 
1.9 units 
2.1 units 


0.58 unit 
0.62 unit 
0.32 unit 
0.35 unit 
0.38 unit 
0.22 unit 
0.23 unit 


0.54 unit 
0.25 unit 4 


ORDERED that the values of radio broadcast stations of the 
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peration be and they are hereby | 
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and equitably distributed among and allocated to the states within each 
of said zones in proportion to the population each of said states bears to 
the population of the zone, and that the quota of broadcast facilities 
to which each state is entitled shall be determined and fixed as herein 
provided and in accordance with values in units for various classes of 


stations above set out. 


EXPLANATORY STATEMENT AND Ruvisep Quota TaBLxs* 


The “Davis Amendment” to the Radio Act, approved March 28, 
1928, requires that the radio supervising authority of the United States 
«  ghallas nearly as possible make and maintain an equal alloca- 
tion of broadeast licenses, of bands of frequency or wavelengths, of 
periods of time for operation, and of station power, to each of said 


(five) zones. ... and shall make a fair and cquitable allocation of 
licenses, wavelengths, time of operation, and station power to cach of 
the States... . within each zone, according to population (of each 
state)." 


The proportion of the maximum possible national broadcast facili- 
ties due each State is, therefore, fixed by law. The percentages or num- 
ber of units due each State are based upon official estimates of 1930 


` populations prepared by the U. S. Census Bureau. 


It is evident from a consideration of the estimated and variable 
factors and the different economic and geographic conditions in various 
parts of the United States that the quota allocation can never be exact. 
The ratios will vary from time to time as conditions are further im- 
proved by continued development of the radio art and decisions of the 
Radio Commission. 

General Order No. 40, adopted by the Commission, August 30, 
1928, is an outline basis for an equitable distribution of broadcast 
facilities in accordance with the “Davis Amendment,” considering 
public interest, convenience, and necessity. As amended, it provides for 
а certain number of high power stations on interference free channels to 
serve rural and sparsely settled areas over long distances under favor- 
able conditions. It also provides for a comparatively large number of 
smaller stations to serve state, regional, and city local areas. The sta- 
tions assigned to these three classes of service, by virtue of power, fre- 
quency, and service area, have become known popularly as Clear, 
Regional, and Local Channel Stations. 

Based on the frequency allocation specified in General Order No. 
40, it was necessary for the Commission to determine the maximum 
number of stations of various powers which could operate simultane- 


* Prepared by the Engineering Division of the Federal Radio Commission. 
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ously at night in the United States without objectionable interference, | 
so that quota tables could be prepared showing the facilities assigned | | 
to each Zone, and each State within a Zone, for comparison with facili- 
ties due. ; 
The following table was established in 1928: | | 

40 night stations on clear channels, each 5 kw ог more 
130 night stations on regional channels, each 500 to 1000 watts | 
150 night stations on local channels, each 100 watts or less | 


In accordance with this table, two or more stations dividing time } 
on one assignment were considered as one station. (“Limited Time | 
Stations" operating on clear channels and “Day Stations” were not || 
charged to “quota”) 

The “quota” system adopted in 1928 showed the number of full time || 
station assignments of each of the three classes due each state as com- | 
pared to the number of full time assignments licensed. These figures ‘P 
nearly all came out in fractions showing further the impossibility of an | 
exact allocation among states based on population. | 

Under the 1928 system, if a State was “under quota” on one class of : | 
service and “over-quota” on another class, it was not practicable to i 
determine the total value of the three classes of assignments so that +! 
one could be balanced against another to determine if a State was || 
actually “under or over quota” on total radio facilities. | 

Therefore, the development of a “unit system” was undertaken to | 

| 


Е 


evaluate stations, based on type of channel, power, hours of operation, | 
and all other considerations required by law. 

The result of this research is General Order No. 92, adopted June 17, : 
1930, specifying the “unit value” of stations of various types, powers, : 
ete., including “Limited Time” and “Day” stations as chargeable to ! 
“quota.” j 

In order to caleulate the number of units due each zone and each i 
state in accordance with population, it was necessary to determine the 
number of channels of different classes and number of stations of vari- 
ous powers which could be used for simultaneous operation without 2 
objectionable interference, and calculate the unit values. The following | 


4 

| | 4 

table, based on General Order No. 40 and Amendments, was adopted | 
by the Commission June 25, 1930. 3 
CLEAR CHANNELS | 
40 Channels—5 kw up—full time 200 units 4 
Day stations—5 watts to 5 kilowatts 10 * 4 

Limited time stations—100 watts to 50 kilowatts 29 " 
| 235 units 
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REGIONAL CHANNELS 


ad 4 Channels—5 kw-——two stations per channel 16 units 
"131 Channels—1 kw—three stations per channel 99 “ 
9 Channels—500 watts—four stations per channel 18 “ 


| 1— 250 watts 127 units 
| (Including day stations and additional day power) 


LOCAL CHANNELS 


^j. 6 Channels—100 watts—thirty stations per channel 36 units 


н (Inciuding day stations and additional day power) 36 units 
| Totaly wc wid Жеш Ree we dine 398 ^ 
i Round Total........... 400 “ 


То ве DivipEep in Eacu ZONE 


Clear Regional Local Total 
47 Units 96 Units 7 Units . 80 Units 


| 
| 
| 
| A complete tabulation of the revised quota figures by zones and 
| states follows, giving units due, based on preliminary population 
|| figures for 1930 issued by the U. S. Census Bureau, and units assigned 
| asof July 31, 1930. | 
1 The number of units assigned will vary from time to time as changes 
ч) are ordered or approved by ће Commission. 
| 
| 


| 


TABLE I 
First ZONE 


| Population of E oF Total Units | Total Units As-| Total Units 


47 : Zones and Toe Due Each State, signed Each | Under or Over 
+ State States E ue State as of Quota as of 
i {980 1536 1880 July31,1930 | July 31, 1930 
о la i ия ae 

‘7 Connecticut... .. 1,604,711 5.58 4.46 3.62 —0.84 

||. Delaware...... А 238,380 .83 .67 0.7 +0.03 

1}: Dist. of Columbia. 486,869 1.67 1.33 1.3 —0.03 

Малпе........... 800 ,056 2.78 2.22 2.0 —0.22 

iv Maryland....... 1,629,321 5.70 4.56 3.8 —0.76 

Massachusetts... 4,253,646 14.80 11.85 10.08 —1.77 
n New Hampshire. . 455,293 1.64 1.31 0.2 —1.11 
| New Јегвеу...... 4,028,027 14.01 11.21 11.43 +0.22 
New York....... 12,619,503 43.87 35.10 38.65 +3.55 
Rhode Island.... (687 ,232 2,39 1,91 1.4 —0.51 
Vermónt........ 359,092 1.25 1.00 0.3 —0.70 
Porto Rico....... 1,543,913 5.40 4.32 0.6 —3.72 
Virgin Islands... . 22,012 ‚08 .06 0 —0.05 


и 


| 28,738,055 100.00 80.00 74.08 —5,92 
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TABLE N 
SueoNb ZONG 
€(—— — oe = SS ea es er LL. EH 
Population Percentage of | оду Unite Totul Units Total Units || 
Panes and ‚Гон! Zone Due Each State| Assigned ach | Under ог Over 1 
State Staten Facilities Due State as of Quota an of 4 
Each State July 31,1930 | July 31, 1580. $ 
1930 1930 1930 | { 
е а с 57 кй ==. ш. ES деј || on 45i 
Kentucky....... 2,023,668 9.42 7.54 7.02 том — d 
Michigan.,...... 4,842,280 17.36 13,88 10,00 -2.0% | 
ОШО: ee ag pce: 6,039,537 23.80 10.05 18.55 -0.50 if 
Pennsylvania... .| 9,640,802 31.50 27.04 19.17 -3.17 i 
Virginia......,.. 2,419,471 8.07 0.04 9.50 2.50 11 
West Virginia... . 1,728,510 6.19 4,05 3.60 —1.35 И 
Total 27 , 804,568 100.00 80.00 69.34 –10.06 f 
J bus eae: | суа! 
4 
iu 
| 
i 
TABLE Ш il 
Тнтар Zong : 
af 
Е —= = -- oe не. = — Ме 
} 
Population Percentage of Total Units Total Unita Total Units ; 
E i 
5 Zones and Total Zone Due Each State| Assigned Each | Under or Over H 
State States Facilities Due 
State as of Quota na of Pi 
E 
pm vu MR in July 31, 1930 | July 81, 1930 | 
~ : ——— || 
Alabama........ 2,045,297 9.23 7.39 4.50 —2.59 E] 
Arkansas........ 1,853,981 0.46 5.17 4.40 = Se 4 
Florida.......... 1,466,625 5.11 4.09 8.35 T4.26 i 
Georgia. ........ 2,902,443 10.11 8.09 7.60 — .49 $ 
„ошвјапа....... 2,094,406 7.29 5.88 8.50 T2.07 5 
Mississippi... ... 2,007 ,979 7.00 5.60 2.60 —3.00 R 
orth Carolina 3,170,287 11.05 8.83 7.82 —1.01 s. 
Oklahoma....... 2,391,777 8.34 6.67 7.75 +1.08 Я 
South Carolina 1,732,567 6.03 4.82 1.70 —3.12 } 
'Теппеззее....... 2,608,759 9.10 7.29 13.0 +5.71 H 
XAS TTE 5,821,272 20.28 16.22 22.77 +8.55 i 
Total 28,695,483 100.00 80.00 88.99 +8.99 б 
: 
У 
х 
TABLE IV || 
FOURTH Zone $ 
ee А 
E d Er, күте сщш ын E 
" Ка 
О аы о кд fr ies Total Units 1 
Zones and Total Zone Due E А d 
State States Facilities Due | Due Each State | Assigned Each | Under or Over 2 
Each State State as of Quota as of 
1930 1930 1930 July 31, 1930 July 31, 1930 
Illinois 7,607,684 | 28.16 | җә 32.80 410.30 — 
ndiana 3,225,000 11.94 9.53 .07 —3.40 
OWB..... 2,467,900 9.12 7.30 .62 5 
Kansas 1,879,940 6.04 .5 $ 
Minnesota ҮТ. 2,566,445 9.48 
Missouri...,.... 3,620,961 13.40 
еБгааКа........ 1,378,900 5.10 
North Dakota... . 682,448 2.52 
South Dakota.... 090,755 2.55 
Wisconsin....... 2,930,282 10.83 
Total 27,050,021 ~ 100.00 
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TABLE V 


p 
Н Кактн ZoNe 
C-—R-C-——-».--.-.C.-————Á—————— EQ e €—Á 
~ Population Percentage of Total Units Total Units 
Zones and Total Zone Total Units | Assigned Each | Under or Over 
State States Facilities Due | Опе Ench State} State as of Quota as of 
Each State July 31, 1930 | July 31, 1930 
[| 1930 1930 1930 1930 
& Arizona. ........ 435,833 3.53 2.83 2.60 —0.23 
ti California. ...... 5,672,000 46.06 36.85 39.53 +2.68 
i Colorado........ 1,035,043 8.42 6.74 9.62 +2.88 
siIdaho..........5 445,837 3.62 2.89 2.25 —0.64 
ўї Montana........ 536,332 4.35 3.48 2.90 —0.58 
Si Меуа4а......... 90,981 74 .59 0.30 +0.21 
5| New Mexico..... 427,216 3.47 2.77 2.37 —0.40 
t Огерољ.......... 952,601 7.74 6.19 8.41 +2.22 
М Utah... 0.2.05. 502 , 582 4.08 3.27 6.60 +3.33 
1i Washington...... 1,561,907 12.70 10.16 15.92 +5.76 
| Wyoming.......- 224,597 1.82 1.46 .20 —1.26 
FO Alaska. occu tutes 58,758 AS .3$ 1.00 +0 62 
Ё Hawaii 363,336 2.90 2.39 1.60 —0.79 
| Total 12,312,182 100.00 $0.00 93.80 T13.80 
i! Sect A ЕЕ ЕЕ ЕН ИИ: = 
| 
: x А 5 2 
Table VI gives the number of units and the percentage of units 
ii by which the states are over or under quota. 
i 
| TABLE VI 
І cx E ЕЕ Е [т зими ЕРОТ —— ке — — 
| NUMBER or UNITS Over AND UNDER Quota Ренсехтлов or Unita Oven ann UNDER Quota 
i Over Over 
4 Illinois 10.30 Alaska 103 
р Техаз 6.55 Florida 104 
{ Washington 5.70 Utah 102 
| ‘Tennessee 5.71 Tennessee 78 
д Тоха 5.32 Towa 73 
i Florida 1.26 South Dakota бт 
t New York 3.55 Washington aT 
i Utah 3.33 Louisiana 46 
Colorado 2.88 Illinois 46 
р California 2.68 Nebraska 43 
i Louisiana 2.67 Colorado 43 
Virginia 2.56 Texas 40 
Oregon 2.22 Virginia 37 
Nebraska 1.75 Oregon 36 
р Minnesota 1.42 Nevada 35 
H South Dakota 1.37 Minnesota 19 
i Missouri 1.28 Oklahoma 16 
j Oklahoma 1.08 North Dakota 14 
Alaska 0.62 Missouri 12 
| North Dakota 0.28 New York 10 
{ New Jersey 0.22 California 7 
| Nevada 0.21 Delaware 5 
n Kentucky 0.08 New Jersey 2 
| | Delaware 0.03 Kentucky 1 
We Under Under 
|: Dist. of Columbia 0.03 Dist. of Columbia 2 
Virgin Islands 0.06 Ohio 3 
| Maine 0.22 "Georgia 6 
1 Arizona -0.23 Arizona 8 
3 New Mexico 0.40 Maine 10 
Georgia 0.49 North Carolina 11 
H Ohio 0.50 Kansas 13 
| Rhode Island 0.51 New Mexico 14 
| Montana 0.58 Massachusetts 15 
Idaho 0.64 Arkansas 15 
| Vermont 0.70 Wisconsin 15 
1 Kansas 0.75 Montana 17 
Maryland 0.76 Maryland 17 
Arkansas 0.77 Connecticut 19 
Hawaii 0.79 Michigan 21 
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TABLE VI—(Continued) 


NUMBER or Units Over AND UNDER QUOTA PERCENTAGE OF UNITS Over AND UNDER QUOTA 
Under Under 
Connecticut 0.84 Idaho . А 22 
North Carolina . 1.01 West Virginia 27 
New Hampshire 1.11 Rhode Island 27 
Wyoming 1.26 Pennsylvania 31 
Wisconsin 1.33 Hawaii 33 
West Virginia 1.35 Indiana 36 
Massachusetts 1.77 Alabama 40 
Alabama 2.89 Mississippi 2 53 
Michigan 2.98 South Carolina 65 
Mississippi 3.00 Vermont 70 
South Carolina 3.12 New Hampshire 85 
Indiana 3.46 Porto Rico 86 
Porto Rico 3.72 Wyoming 86 
Pennsylvania 8.47 Virgin Islands 100 


A comparison of the revised unit quota system with the super- 
seded system shows that the differences are relatively small and that 
the radio set-up of the country will not be unduly disturbed by the 
adoption of the improved system. 

Concluding, it appears that the United States was 22.39 units over 
the maximum 400 as of July 31, 1930, averaging 1 unit per state. 
Twenty-five states were under quota as compared to twenty-three 
states over quota. This is quite a fair balance considering the many 
technical complications and conflicting interests. 

As pointed out, the distribution of radio facilities can never be 
exactly proportional but it is evident that conditions will be gradually 
improved as some stations which are financially unsound “go off the 
air" and other assignments are transferred from over quota to under 
quota areas. 
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A STUDY OF THE HIGH-FREQUENCY RESISTANCE 
OF SINGLE LAYER COILS* 
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А. J. PaAngRMO AND Е. W. GROVER 
(Electrical Engineering Department, Union College, Schenectady, N. Y.) 
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Я Summary—Existing formulas for the high-frequency resistance of single 
i layer coils have all been obtained by making simplifying assumptions. The errors 
i due to these assumptions are difficult to estimate and the data available are not 


il conclusive, 
This paper gives the experimental results of a systematic study of the high- 


3 frequency resistance of single layer coils of the forms and sizes usual in radio 


3] circuits in the broadcast range of frequency. 
New formulas are derived by expanding Hickman’s low-frequency formulas 


in asymptotic series, thus making the formulas applicable to high frequencies. An 
s, empirical formula for coils of intermediate lengths is‘also found. These formulas 
ii are compared with the experimental results. 


INTRODUCTION 


Ў Т IS well known that the resistance offered by a conductor to the 
t | flow of alternating current at high frequencies is much greater 
: than that offered to direct current. For example, resistance ratios, 
| i.e., the quotients of the high-frequency resistance by the direct-current 
4 resistance, of the value of 10 are not uncommon. The elements of à 
i straight, isolated conductor near the center have more flux inter- 
8 linkages and consequently more inductance than do those elements 
near the surface of the conductor. Accordingly, most of the current 
| will flow at the surface of the conductor when extremely high fre- 
4 quencies are used. For this reason the phenomenon is called skin 
effect. Thus the shape of the cross section of a conductor to be used at 
high frequencies is of practical importance. Antenna wires made of any 
material subject to oxidation, should have some surface protection. 
|, In the study of skin effect, what is desired is not so much the actual 
` resistance as the resistance ratio. 
Due to the work of Maxwell, Heaviside? Kelvin? and Raleigh,’ 
the theory for the straight, isolated conductors of circular cross section 
is complete and tables of the resistance ratio for this case are avail- 


gtr t ae wy got 


Ee tus 


+ 


ыы 


mt 


aT Ap mmn 


* Decimal classification: R144. Original manuscript received by the 
, Institute, July 7, 1930. 

! Maxwell, Elect. and M ag., 2, paragraph 690. | 

2 Heaviside, Electrician, р. 583, 1884. p. 583, 1885; Elect., papers, 1, pp. 
353, 429; 2, pp. 50, 97. 

3 Math. and Phys. Papers, III, 491, 1889. 

4 Raleigh, Phil. Mag., 21, 381; 1886. 
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able The theory for isolated, thin tubular conductors has been 
developed by Dwight.’ ; | 
The case of two parallel, cylindrical conductors is more complicated ei 
owing to the so-called proximity effect, that is, the mutual effect of the | th 
magnetic field of one conductor in bringing about an asymmetrical dis- | 
tribution of current density about the axis of the other. The case of 1| 
two such conductors forming a return circuit, has been treated by | 
Curtis" by means of an integral equation method in a form applicable + 
to low frequency and confirmed by his experiments. Butterworth? | 
has treated the same problem by solving Maxwell's equations for i/i 
circular conductors with the current flowing in the same or in opposite : 
directions. His equations, which apply both to low and high fre- | 
quencies, are confirmed by the very accurate work carried out experi- : 
mentally by Kennelly, Laws, and Pierce.” The same problem has also jj 
been solved by Carson! and Snow." . 3i 
The treatment of skin effect in simple, single layer coils is still more ` 
difficult, and a rigid mathematical solution appearing out of the ` 
question, it is necessary to make certain simplifying assumptions. 
Thus Sommerfeld” has obtained a solution for an infinitely long 1| 
helieal winding of wire having a rectangular cross section with the ||! 
turns in contact and having a coil radius very large in comparison ] 
with the thickness of the wire. To agree with the experimental results 4 
of Wien" and Black" whose work had to deal with wire of circular | 
cross section, Sommerfeld found it necessary to introduce into his | { 
| 
| 
] 
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final formula a numerical factor, 0.58. In a later paper, Sommerfeld 
took into account the pitch of the winding and treated the case of : 
round wires. T'his latter work gave a theoretical confirmation of the 
numerical constant indicated in the earlier investigation and showed 
the influence of the pitch of the winding. It is not to be expected that 
Sommerfeld’s formulas should apply accurately to the short coils 
common in radio work. | 
Butterworth® has extended his formula for the skin effect in parallel | 
cylinders to the case of an array of them equally spaced in a plane. | 
To this ће applied a correction to take account of the curvature of the 


5 Bureau of Standards Scientific Paper 169, Tables xxii-xxiv inclusive. 

5 Н.В. Dwight, Trans. A.I.E.E., р. 1379, 1918; Jour. A.I.E.E., р. 203, 1922. 

7H. Г. Curtis, Bureau of Standards Scientific Paper 374, 1920. 

* S. Butterworth, Phil. Trans. A. 222, 57, 1921. 

s A. E. Kennelly, F. A. Laws, and P. H. Pierce, Trans. A.I.E.E., p. 1953, 
10 J. В. Carson, Phil. Mag., 41, 607, 1921. 
п С. Snow, Proc. International Mathematical Cong., Toronto, 1924. 
2 A. Sommerfeld, Ann. der Phys., (4) 15, p. 673, 1904; (4) 24, 1907. 
3 М. Wien, Ann. der Phys., (4) 14, p. 1, 1904 
1 T. Black, Ann. der Phys., 19, 157, 1906. 
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j turns in an actual coil, but under the assumption of a large number of 
"эът in the coil. The approximate formula thus derived would not, 
+ therefore, be expected to apply to the case of very short coils. Butter- 
~ii worth showed that his expression for the resistance ratio checked the 
H first and more important term of an empirical formula derived by 
i Lindemann and Hüeter from their measurements on short coils. 
à Hickman has also made use of the idea of representing the 
E coil by an array of parallel cylinders. To take account of the 
‘curvature of the turns he has assumed two parallel floors of cyl- 
`В inders, the current direction in one being opposite to that in the 
j other, and has determined from the inductance formulas the distance 
3! necessary between the floors to make the mutual inductance of two 
j| pairs of go and return cylinders equal to the mutual inductance of the 
t| corresponding turns. The distance between floors was found to be 
0.54 of the diameter of the coil. This assumption enabled him to 
* eonsider the flux distribution between floors to be the same as that in 
5 the coil. To find the resistance ratio of the parallel floor system, 
| Hickman has used the integral equation method of Curtis, assuming 
| the distribution of current density to be the same in all of the wires. 
| Measurements at low frequencies, made by Hickman in certain 

d long coils wound with thick wire in an open pitch, gave results con- 
t firming his formula for the resistance ratio, but differed largely from 
* the values calculated by the formulas of Butterworth and Sommerfeld. 
i In view of the lack of agreement between the existing formulas 
| for the single layer coil, all of which refer to idealized cases, further 
} experimental evidence has seemed necessary. 

'The present paper has for its purpose a systematic study of the 
resistance ratio of the single layer coil of the forms and sizes common 
in radio circuits and for the broadcast range of frequency. 

The cases covered are as follows: 

Sizes of wire: 20, 32, 40, and 51 mil copper wire. 

Diameter of winding: 3.86, 3.27, and 2.68 inches. 

Number of turns: 20 to 50 turns. 


h Frequency range: 600 to 1500 kilocycles in steps of 100 kilocycles. 
[ It is hoped that the curves which embody the results of the experi- 
f mental part of the paper will prove generally useful in the design of 
| coils for radio circuits. 

The experimental results show that the resistance ratio, depends 
not only upon the frequency, size of wire, and piteh of winding but 
also upon the ratio of the length to the diameter. The measurements 


5 В. Lindemann and W. Hüeter, Verh. deutsch. Phys. Ges., 15, 219, 1913. 
C, N. Hiekman, Bureau of Standards Scientific Paper 472. 
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the high-frequency range. 


EXPERIMENTAL 


= 
a> 


The resistance variation! method was employed to obtain the 
high-frequency resistance. The essential parts of the set-up are shown | 
in Fig. 1 and consist of an oscillator with a 201-A tube and a resonance | 

| Е 
| 
i 


circuit. This latter contained the coil to be measured, a variable air 
condenser of the Bureau of Standards type having a maximum ca- 
pacity of 1000 mmf and а minimum capacity of 70 uuf, a thermo- 
couple whose heater resistance was 1.2 ohm and made of advance wire, | | 
а galvanometer and several standard resistances also made of advance |: 
wire and sealed in glass tubes. The resistance standards had 2-mil |. 
advance wire. The resistivity for advance is 49 microhms per centi- | 
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Fig. 1 


meter tube. The standards had resistances of 2.49 and 5.05 ohms and | 
lengths of the order of 5 centimeters. For 2-mil advance wire the . 
resistance ratio at the highest frequency used, 1,500,000 cycles, was ` 
less than 1.0003. The thermocouple heater had still smaller advance : 
wire so that from the above it can be seen that the change in resistance 
as the frequency increased had no appreciable effect on the measured 
values either in the standards or in the thermocouple. The ends of 
the standards were dipped into two mercury wells to insure good 
contact. | 

The greatest deviation from the mean reading was 0.5 per cent at 
600 kilocycles and 1.5 per cent at 1500 kilocycles in the measurements 
of this paper. These deviations compare with measurements made 
at the Bureau of Standards on some of the coils as follows: 0.2 per 
cent at 685 kilocycles and 0.6 per cent at 1375 kilocycles. 

At our request the Radio Division of the Bureau of Standards 


!? Resistance variation method, Bureau of Standards Circular 74, page 180, 


Palermo and Grover: High-Frequency Resistance 2045 

on two of the coils uséd in this paper. 

Ц The results of this comparison, which are given in the following table, 
0 show that constant errors of practical importance in the apparatus 
! and method of measurement have been suecessfully eliminated. 


{kindly made measurements 


TABLE I 
5 
t FREQUENCY RwASISTANCH 
ul Coir IN KiLOCYCLES BS. Ours 
о a n ЛЕ ЕН 
i A 685 3.28 3.30 
"i 1375 8.00 3.1 
| в 635 3.14 3.16 
Hi 1375 6.50 6.58 
|o m ntl eee ee 
| 
|| eye • . * 
H The coiling effect is plotted, rather than the resistance ratio, for 


i greater convenience in making interpolations, and because of its 
| interest in showing the proportionate increase in high-frequency 
| yesistance brought about by (a) the increased magnetic field due to 
coiling of the wire, and (b) the mutual distorting effect on the current 
| density in the wire’s cross section. The resistance ratio is found by 
| taking the product of the coiling effect and the resistance ratio of the 
у same wire stretched out straight. The latter may be obtained with 
| more than requisite accuracy from the Bureau of Standards Circular, 
No. 74, table 17, page 309. 

The measured values, given below, were obtained with the e.m.f. 
of the resonance circuit induced into the test coil as is customary. 
The effect of the self-capacity of the coil is to multiply the effective 
resistance of the combination of the standard resistance and the 
thermocouple in series by a fraction, 1 /(1-- Co/C)*, where Со is the 
self-capacity of the coil and C is the capacity of the tuning condenser. 
With the small values of the self-capacity found in single layer coils 
and the usual large values of the tuning capacity, this factor is not 
important. Thus, in these measurements, C, did not exceed 5 puf 
and the correction factor does not decrease the resistance by more 
than two per cent. If the coil is to be used in series with the coupling 
coil, the effective resistance, Ra, is found from thé true high-frequency 

` resistance, R, by the well known equation 
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For a coil of 100 mh, with.Co=5 yf, the effective resistance at 
1500 ke is 8 per cent less than the actual. However, at a frequency of 
the order of the natural frequency of the coil, Ra must become very 


large and the coil would aet as a trap. 
In the following figures the coiling effect, i.e., the ratio of the 
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coil’s high-frequency resistance to the high-frequency resistance of 
the same wire stretched out straight, is plotted versus the frequency 
in kilocycles on the right of each sheet. The curves shown on the 
left are rearrangements of the same data showing the coiling effect 


CURVES FOR EXPRESSIONS (11) TO (16) 
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versus the number of turns at а fixed frequency. These latter curves 

are helpful in extrapolating for particular coils desired. All the curves 

shown on Figs. 4 to 9 are data curves. | 
These curves show some interesting facts about the coiling effect. 

In Fig. 4, for 20-mil wire the coiling effect increases more rapidly 
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j | than for larger sizes of wire. As the wire increases in size the coiling 
‚| effect increases less than linearly with the number of turns, although 
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Fig. 3 


it is true that at a given frequency, two coils that are the same ex- 
cept for the size of wire will have the resistance ratio greater for the 
coil having the larger wire. It is also interesting to note that the 
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coiling effect increases almost linearly with the number of turns for | 
20-mil wire at а fixed frequency of about 1,100,000 cycles. 
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By comparison with some specific values on the curves it can be 
seen that the important parameters are: size of wire, number of turns, 
diameter of winding, and pitch of winding. 
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i THEORETICAL 

| Curtis? sets up an integral equation for the current density to 


‚ He considers 


| determine the resistance ratio of two parallel conductors 
He omits the 


| the conductor to be made up of infinitesimal filaments. 
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voltage consumed by self-induction in his integral equation since the 
current and consequently the flux of the infinitesimal element, will, 
in the limit, approach zero. He equates like coefficients in two different 
equations; the one equation being his integral equation and the other 


7 See footnote 7. 
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being a Fouricr expansion of the sinusoidal current density function 
over the cross section of the wire. 


Hickman" adapts Curtis’ method to two parallel floor 


8 of wires, a 
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the distance between floors such-that 
о pairs of wires of the parallel floors 
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| 
| lis the same as that of two corresponding turns of the coil. This treat- 
D ment allows Hickman to assume the flux distribution of the coil to be 


ithe same as that in the parallel floor system. 
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The following formula obtained by Hickman holds for coils 
whose lengths are great compared with their diameters and are not 
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applicable to cases where the frequency is greater than a few kilo- ; 
cycles, depending upon the size of wire used. The limit of арріі- 
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cation is for № equal to 10, whereas the value of X? in the present 
paper goes to 5000. 
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and the formula following gives the resistance ratio for coils whose 
lengths are small compared to their diameters: 
T Uy + TAS (2) 
x. mob ай e У : 
Ro " á ACE u 
54s! | Па + 


iat 


R =the high-frequency resistance. 
о = the direct-current resistance. 
юта? | 
= ; а = radius of the conductor (ет) 

1720 
$ =pitch or the distance between centers of adjacent conductors (cm) 
N =number of turns; D = distance between floors or 0.541 times the 
diameter of the coil winding. 


т?Х?а* T? 4N 4 1 d 
К = a Ff -— (3) 
952 los № 4D? о фарр 

ata? 2a?N 2a? 0.5a? 

B= Vint ра б 
65° N? + 4р? 5 + 4D? р? 
miat 

F = Уз + "об (5) 
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а = 4\№%а? [= (а d = tan.) "| =). (6) 
8 2р 2D D 


To illustrate the type of function exemplified in the U’s and У’з 
one of them is shown below in as brief a form as is possible: 
№ Х2* A2 М 
1 1—4 —— +: 
2- ып +1|2k + 1 24 4320 
© "UD = № M 
1 Гое a 
tao |k + 2|2k + 2 36 8640 


U oj» = (7) 


These series are uniformly convergent, it is true, but for values 
of M greater than 10, the labor of calculation becomes prohibitive, if 
not impossible, from a practical standpoint. In the present paper А 
takes on values as great as 5000. 

A. Russell!® treated Kelvin’s ber and bei functions and obtained 
the well known X, Y, Z, and W functions which are various com- 
binations of the ber and bei functions and of their derivatives. Russell 
not only obtained convergent series for these functions but also ob- 
tained asymptotic series for each of them. To illustrate, the X function 


is given below both in its convergent form (8) and in its asymptotic 
form (9): 


feri (=) + 1 3) Lyry L rA à 
2\2 15 rure * У i 


In its asymptotic form X function is: 


_ exponential (z4/2 + 1/(44/2x) 


272 


X 


(9) 


In both (8) and (9) z —24/X. 


The asymptotic form of Russell's Z function is: 


2 = x(0.707 - == – - ) (10) 
x 11.8122? 

The first step in the theoretical work of the present paper was to 
find those combinations of the convergent forms of Russell’s functions 
that would express each of Hickman’s U and V functions. The next 
step was to carry each of these expressions, thus found, over into their 
asymptotic forms. This second step involved the integration of an 


18 A. Russell, “Effective resistan 


J ce and ind i i in,” 
Phil Mag., 17 524, 1909. inductance of a concentric main, 
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exponential of high order; the work involved integration by parts. 
| The results obtained are as follows and these expressions enable the 
calculation of the U and V functions to be carried out in the high- 
frequency region with comparative ease: 


cm 


f 


qose roy mera na t 
АЕ 


0.1325 


Uon = 08585: + 0.25. + (11) 
+ a 
1 
| 2.018 1.6384 6.717) 
| Ups = 0.17672} 1 + + ore (12) 
i v а“ - | 
И 
1 2.633 15.91 
1 Uy, = 0.1178x + 0.3748 + ат" (13) 
У т p 
| V2 0.5305 0.75 
H Von Tor NE E cS cm m К (14) 
1 Tt Tt 2 
H 
i Vo does not occur in the resistance ratio but does occur in the in- 
|| ductance ratio which is outside the scope of the present paper. 

4.007 
Vos = 0.5 + 0.7072-— he (15) 
п 
i 
i 1 0.4701 4.28 
Ув = — + = : (16) 
6 x 2 


The curves for expressions (11) and (16) inclusive are shown on 
sheets 1 and 2. Below there is given a table of values for the same. 

The values of the six U and V functions for x ranging from 4 to 
20 are given in the following table: 


fi 

| т Шол U qj» Uys Von V ove Vis 

i 4 1.670 1.24 1.07 0.342 0.646 0.24 

ee 6 2:375 155 u22. 0.233 056 507 

| 8 3.081 1.86 1.41 0.172 0.582 0.212 

| 10 3.787 2.17 1.63 0.141 0.568 0.208 

| 12 4.494 2.55 1.82 0.118 0.555 0.200 

if 14 5.200 2.87 2.09 0.101 0.545 0.192 

| 16 5.907 3.25 2.35 0.000 0.536 0.190 

| 18 6.614 3.56 2.65 0.080 0.528 0.1898 
20 7.821 3.87 2.92 0.071 0.525 0.1892 


Formula (1) gives the resistance ratio for a coil whose length is 
great compared with its diameter, and (2) gives the resistance ratio for 
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a coil whose length is small compared with its diameter. The second 
term of (2) represents end effect. The coils treated in this paper have, 
for the most part, lengths of the order of their diameters. Therefore, 
not only their lengths of winding but also their end effects must be 
considered in any formula that is to give their net resistance ratio. 
Furthermore the effect of their end turns become more pronounced 
as the frequency is increased. For a very short coil, or a single turn 
of wire, the end effect is given by (2), second term, having recourse 
to the asymptotic series for high-frequency effects. This second term 
gives an end effect proportional to the square root of the frequency 


as the frequency becomes very great. However, аз is shown by | 
Butterworth, page 78 of the reference given above, with increase of || 


frequency, the turns farther in from the end become more and more 
important in adding to the effective resistance. Thus the end effect 
of a coil which is not very short compared with its diameter would 
increase more rapidly with the frequency than indicated by the second 
term of (2). Formula (A), in which the frequency appears also an ad- 
ditional direct factor in the numerator in an attempt to combine em- 
pirically (1) and the second term of (2) for coils of intermediate 
lengths. This formula represents the measured values with a fair "| 
degree of accuracy as is illustrated below. x 


E sura P "E: 
аи OES: NS 
0/2 Uns 1/3 a 
даха 
+ Е. | (A) 


2 Soup 
1059.4] Uy + | 
а 
In the above formula f is the frequency in cycles and 59.4 is 54 times 
1.1. 
Two coils were tested by the Bureau of Standards and their meas- 


ured and calculated values are given below. For convenience these 
coils are called Coil A and Coil B. 


Coil A had the following data: 


f = 685,000 cycles, N = 45 turns, a = 0.0648, D = 5.24, ^ = 32.9, 
x = 11.47, $ = 0.162 
| Uon = 4.3, Џ = 2.45, Оз = 1.77, Vos = 0.558, Уз = 0.2 
С = 244,'K = 48.8, КЕ = 0.821, F = 0.2277. 
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By calculation from (A) the resistance ratio was 16. 47 
As measured by the Bureau of Standards the resistance ratio was 15.65 


У At f=1,375,000: 


1 By calculation from (A) the resistance ratio was 37.36 
‘A| As measured by the Bureau of Standards the resistance ratio was 37.7 


Coil B had the following data: 


8 f = 685,000 cycles, № = 50 turns, а = 0.0406, s = 0.1113, D = 3.81, 


a= 12:9; A == 1:23 Uon = Dl U oj = 1.73, Uis = 1.32, 
V ove = 0.584, Vis — 0.215 
Е = 0.801, F = 0.2242, G = 34.6, К = 5.44. 


As calculated by means of (A) the resistance ratio was 7.69 


` As measured by the Bureau of Standards the resistance ratio was 7.61 


For f=1,375,000 cycles: 
As calculated by means of (A) the resistance ratio was 16.93 
As measured by the Bureau of Standards the resistance ratio was 15.8 


It is understood that all but the geometrical constants are changed 
with a change in frequency, i.e., the U’s and V’s, etc., are evaluated 
for the new frequency. 


CoNCLUSION 


The experimental results make clear that a theoretical formula 
for the resistance ratio of a single layer coil must involve not only the 


frequency, size of wire, and pitch of winding but also the number of 


turns and the diameter of the winding as well. Of existing formulas 
only Hickman’s include all of the parameters but they are not adapted 
to the high-frequency range. This difficulty has been removed in the 
present paper by the development of asymptotic expansions. In 


| view of the fact that Hickman’s expressions apply strictly only to very 


long or to very short coils compared with their diameters, it is to be 
expected that resistance ratio values measured with coils of inter- 
mediate lengths will not agree closely with values calculated from 
one or the other of Hickman’s formulas. The empirical formula (A) 
given in the present paper which is a combination of the two limiting 
formulas of Hickman is found to give much closer agreement with 
the measured values of this paper. 
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THE DEVELOPMENT OF A VISUAL TYPE OF RADIO 
RANGE TRANSMITTER HAVING A UNIVERSAL 
APPLICATION TO THE AIRWAYS* 


Ву 
W. E. Jacksont Амр В. L. Batteyt 


(Airways Radio Engineer, Department of Commerce, Washington, D. C. јбогтег Airways 
Arsociate Radio Engineer, Dopartment af Commerce, Detroit, Michigan. 
Now, Jansky and Bailey, Washington, D. С.) 

Summary—This paper deals with the development of avisual type of radio range 
which has universal application to the civil airways of the United States. Following 
а discussion of the relative merits of the aural and visual systems of course indication, 
the theory of the production of twelve courses by utilizing a three-phase radio-frequency 
source is presented, followed by а general description of the transmitter. The neces- 
sary requisiles of goniometer design are louched upon, and performance curves of the 


final goniometer illustrate the effect of these factors on the results. The detrimental 


effects of cross-cou plings between the loop antennas are painted out, and methods given 
whereby these couplings may be eliminated, Further discussion covers the advantages 
of neutralization in the transmitter, the relative merits of various types of interstage 
coupling, and the method used to obtain and determine a three-phase radio-frequency 
supply. 

A description of the installation includes a discussion of the characteristics of 


. the loop antennas used for transmission, together with a measured field intensity 


curve, A course indicator is developed which is useful in aligning and monitoring 
the courses. Polar space patterns of reed amplilude show the characteristics of the 
courses obtained with the иго-, four-, and lirelre-course ranges. 

The installation is designed lo give continuous operation with а minimum 
number of interruptions duc lo failure of the apparatus, а condition necessary to the 
establishment of an ата to air navigation, 


INTRODUCTION 


VIATION, most rapidly growing of the industries arising out of the 
present demand for speed of transporiation and communication, 
depends for its successful establishment on safety of opera- 
tion and maintenance of scheduled trips. One of the largest single fac- 
tors in the ultimate attainment of both of these requirements is the 
use of radio as an aid to air navigation, both as a means of supplying 
weather information and marking out courses along the established 
highways of the air. The use of the radiotelephone as a means of fur- 
nishing weather information to aircraft has been described in a paper 
by H.J. Walls! of the Airways Division of the Department of Com- 
merce. 
* Decimal classification: R526.12. Original manuscript received by the 
Institute, April 28, 1930. 


1H. J. Walls, “The civil airways and their radio facilities,” Proc. I. R. E., 
17, 2141-2157; December, 1929. 
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The development of the directive type of radio beacon, known as 
the 1adio range, has been outlined in various papers? which cover the 
fundamental principles underlying the establishment and detection of 
equisignal zones in space. It is the presence of these zones which pro- 
vides the courses, regardless of whether the courses are indicated by 
aural or visual means. The aural method of indication, which pre- 
sented fewer practical difficulties, underwent rapid development and, 
consequently, was available when the need for a radio aid to air 
navigation became apparent. The visual system of course indication 
has been developed sufficiently to warrant a trial under practical con- 
ditions which would bring out the relative merits of the two systems. 


A comparison of the advantages and disadvantages of the aural and 


visual radio ranges follows: 


AURAL 
Advantages: 


1. Simplicity of ground equipment 
insures reliability of operation and 
ease of maintenance. 

2. Installation and maintenance is 
more economical than visual system. 

3. Location of courses is not de- 
pendent upon transmitting tube char- 
acteristics. 


Disadvantages: 


1. Logarithmic characteristic of the 
ear tends to broaden the course. 

2. Presence of static obliterates 
signal and reduces the useful range. 

3. Requires conscious effort to 
determine side off course. 

4. Apparent course width varies 
widely with different observers de- 
pending upon their experience. 

5. Difficulty of maintaining a per- 
fectly interlocked signal at the trans- 
mitter. 


VISUAL 
Advantages: 


1. Reed indicator provides an op- 
tical comparison of the amplitudes of 
the received signals. 

2. Deflection of the reeds is a linear 
function of the signal voltage. 

3. Operates satisfactorily with high 
interference level, due to the audio 
selectivity. 

4, Longest reed always indicates 
side off course, making guidance: in- 
stinctive. 


Disadvantages: 


1. Complieation of ground equip- 
ment requires more constant attention 
by trained personnel. 

2. Cost of installation and main- 
tenance is relatively higher than in the 
aural system. 

3. Loss of emission of tubes in any 
one channel will change position of 
courses. 


While the above tabulation does not include all of the possible 
advantages and disadvantages of the two systems, it serves to illus- 
trate the major points of comparison between them. 

One of the first problems which arises with any radio range system 
is that of fitting the available courses to the established airways. Vari- 

? See bibliography, 2. 
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ous methods whereby the courses of a simple aural range transmitter 
may be “bent” or shifted to fit the requirements have been described by 
Jackson and Kear.’ A similar study of course bending as applied to the 
four-course double-modulation (visual) type range has been made by 
Diamond. 

The maximum number of courses which may be served under any 
circumstance with either of these systems is limited by the number of 
existing courses, which in both cases is four. There are numerous 
locations, however, where it is. impossible to apply all of the four 
courses to existing airways due to practical limitations which are en- 
countered in course bending. There are also many cases where there 
are eight or ten courses emanating from a single airport. The existence 
of such a condition would require several complete installations of the 
four-course type, each operating on а different radio-frequency channel. 
Such a system would be economically impractical, wasteful of fre- 
quency channels, and productive of severe interference in the vicinity 


' of the airport. 


The need for a multicourse radio range was realized at an early date. 
Original development work on this project was carried on at College 
Park, Maryland, by the Bureau of Standards in coóperation with the 
Airways Division of the Department of Commerce. The results ob- 
tained during these tests were considered satisfactory enough to war- 
rant the design of a polydirectional radio range which would meet the 
rigid requirements of the Airways Division. The theoretical and 
practical problems arising in the design of such a transmitter are dis- 
cussed in this paper. 


THEORY oF THE POLYDIRECTIONAL Rapio RANGE 


The problem of producing two or four courses by means of the 
double-modulation system has been thoroughly discussed by various 
writers It should be noted that the four-course range is made possible 
by displacing the carriers of the two modulation channels ninety de- 
grees (time phase). This, in effect, establishes a rotating field in space, 
the instantaneous pattern of the field being a figure-of-eight. Modula- 
tion of each channel by a separate audio frequency produces side bands 
having figure-of-cight fields fixed in space and separated by ninety 
degrees. These side-band fields beat with the carrier to produce in the 
receiver audio-frequency components of the original modulation fre- 
quencies. There are four angular positions about the transmitter at 


3 Jackson and Kear, “Applying the radio range to the airways,” Proc. I. R. 
Е., 17, 2268-2282; December, 1929. 
_ 4 Diamond, “Applying the visual double-modulation type radio range to the 
airways,” Proc, І. К. E., 17, 2158-2184; December, 1929. 
5 See bibliography, 6 and 7. 
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which the received signals from the two modulation channels are {i 
equal, thereby establishing four courses. jn 

A full understanding of the principles outlined briefly in the pre- | 
ceding paragraph leads to the conclusion that a greater number of 1 
courses can be obtained by introducing а third channel in which a ^ 
carrier, differing in time phase from the other channels, is modulated i 
by a third audio frequency. It is logical to assume that in a symmetri- 
cal system the three carriers should be displaced 120 degrees in time 
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Fig. 1—-Theoretical space pattern of side band fields of the 
triple modulation radio range. 


phase. The production of a field having the characteristics of a uni- 
formly rotating figure-of-eight, as in the four-course range, would then 
require that the fields due to the three carriers be displaced in space 
by 120 degrees. This is accomplished by a corresponding displacement 
of the goniometer primaries. In this case, the three side-band fields 
appear in space as figures-of -eight fixed at 120 degrees. Fig. 1 shows the 
position of these side-band fields and indicates that there will be twelve 
courses established, six “broad” and six “sharp.” The sharp courses 


will have less amplitude and, therefore, less range than the broad 
courses. 
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The following section describes a transmitter which has been de- 
| signed by the Airways Division for use either as a twelve-course 
| *polydirectional" radio range or as a simple two- or four-course range. 


GENERAL DESCRIPTION OF TRANSMITTER 


A description of the transmitter is given here in order to present a 
clear view of the equipment to be discussed in this paper. A general 
view of the completed transmitter with its associated goniometer and 
antenna tuning unit is shown in Fig. 2, while Fig. 3 shows the construc- 
tional details of the transmitter. 


Fig. 2—General view of transmitter installation showing 
modulation frequency controller on the right. 


The master oscillator consists of two UX-860 tubes in parallel in a 

i conventional Hartley circuit (Fig. 4). The output of the master os- 
ò% cillator excites three identical chains of radio-frequency amplifiers 
through a phase splitting arrangement which supplies equal voltages to 
each chain, the time phase between them being 120 degrees. The first 
intermediate amplifier in each chain is a single UX-860 tube which is 

| impedance coupled to the grid of a second intermediate amplifier made 
| up of two UX-860 tubes in parallel. These in turn are impedance 
coupled to the grid of a single UV-851 tube in each channel, which acts 
as the final power amplifier. The output of each channel feeds into a 
corresponding goniometer stator; the energy in each stator being cou- 
pled independently into two loop antennas in the correct time and 
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Fig. 3—Rear view of the transmitter. 
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Fig. 5—Rear view of the antenna tuning unit. 
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space phase. An antenna tuning unit (Fig. 5) is included in the installa- 
tion for the purpose of tuning the antennas to resonance. 

A double commutator 2000-volt 4-с generator supplies 1000 volts ` 
to the master oscillator plate and 2000 volts to the plates of the first 
intermediate amplifiers as well as the final power amplifiers. The | 
plate supply of each of the three second intermediate amplifiers is | 
completely modulated at a separate audio frequency (65, 86.7, and 
108.3 cycles, respectively). These frequencies are obtained from three 
alternators driven through a silent chain drive by an inverted rotary | 
converter running as a d-c motor. Both the high voltage generator | 


Fig. 6—View showing the high voltage generator, triple frequency machine 
and low voltage d-c generator with voltage regulator. 


, 


and the triple frequency machine are shown in Fig. 6. The speed 


- of the latter machine (and therefore the frequency of the alternators) 


is maintained constant by a frequency controller which operates 
from the a-c winding of the inverted rotary converter and controls 
a motor driven rheostat in the d-c field of the converter. This method 
holds the modulation frequencies constant to within one-tenth of 
one per cent of the required values. The control apparatus may be 
replaced by synchronous motors in locations where the frequency of 
the power supply is maintained within limits of plus or minus fifteen- 
hundredths of one per cent. However, the transmitter in its present 
form is designed to meet the most severe conditions which are likely 
to be encountered in the United States. Fig. 7a shows the frequency 
variation of a large commercial power network, while Fig. 7b indi- 
cates the stability obtained when using the frequency controller. 
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CONDITIONS GOVERNING THE SELECTION OF TUBES FOR 
THE TRANSMITTER 


Before going into the details of transmitter development, it may 
be of interest to explain the reasons for the choice of tubes as outlined 
in the preceding paragraphs. The following tabulation sums up the 
requirements considered in the selection: 

(1) Tubes should be air-cooled in order to simplify design and 
eliminate the additional equipment required with water-cooled tubes. 

(2) The life of the tubes should be equal to the best tube life 
obtained in commercial transmitters. 
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| Fig. 7—(a) Frequency variation of commercial power network manually соп- 
trolled. (b) Frequency variation of sixty cycles obtained from the inverted 
rotary converter when using frequency controller. 
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(3) Tubes should be selected which allow the use of the simplest 
| practical circuits. | 

(4) The number of different types of tubes used should be reduced 
| to a minimum in order to facilitate replacement from stock. 

With these conditions in mind, the UX-860 (a 75-watt four- 
4 element tube) was selected for all stages except the power amplifiers. 
"|| The obvious advantage of this tube is that the extremely low grid 
"| to plate capacity obtained by the use of the shield grid and asso- 
if ciated shielding allows its use as an amplifier without the necessity 
i? of neutralization to obtain stable amplification. The UV-851 tube 
| was chosen for use in the power amplifiers because of its exceedingly 
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long life in normal service, as shown by its use in transmitters of the i 


Airways Division, the Navy, and various commercial companies. jf 


One disadvantage of this tube is its high grid-to-plate capacity, which ` 
requires neutralization for stable amplification. This neutralization 
is supplied by the Rice method in the transmitter under discussion. | 
Consideration was given to the use of the UV-861 (500-watt four- 


element tube) in place of the UV-851, but this possibility was dis- 1 
earded because of the short life and lower output rating of the former || 


tube. The higher plate voltage (3000 volts) required by the UV-861 | 


is a disadvantage only from an economic standpoint, since it does not 1 


materially increase the technical or mechanical difficulties in design. 
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Fig. 8—Linear characteristics of a theoretical goniometer, showing the re- 
lation between goniometer setting and antenna current. 


In conclusion, it might be stated that if a satisfactory one-kilowatt 
four-element tube were available having a life comparable to the : 
UV-851, it would undoubtedly be used in place of the three-element 
tube. 

GONIOMETER DESIGN 


There are several difficulties which are encountered in the prac- 
tical design of any goniometer. These difficulties present themselves 
in varying degrees, depending upon the particular system in ques- 
tion, i.e., aural system, two-course, four-course, and twelve-course 
visual systems. Regardless of the system in use there are certain 
fundamentals which are common to all systems in question. These 
fundamentals are briefly as follows: 

(1) The goniometer should give a sine wave variation in antenna 
currents when excited by only one stator coil, as the goniometer is 
rotated through 360 degrees. 
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| (2) Direct magnetic and capacitive coupling between the loops 
: ћоша be reduced to a negligible degree. | | 

‘| (3) Indirect coupling by means of capacity coupling between the 
Д istators, direct magnetic coupling between the stators, and indirect 
| ieoupling between the stators by way of the rotors should be eliminated 


‚от reduced to a minimum. 

| Each of these factors will be discussed in turn. For convenience 
гип observing the effects derived from a nonsinusoidal goniometer 
‘tharacteristic, let it be assumed that the antenna current for each 
loop is linear with respect to angular rotation (Fig. 8). 

The effect of the goniometer is to set up field patterns in space · 
eldisplaced any desired number of degrees from the plane of either loop, 
‘thus allowing the courses to be rotated at will. These displaced fields 
| | : : Е : 
шау be éonsidered as being radiated from imaginary or “phantom” | 
‘loops rotated in space by an angle which is а function of the angular 
‘rotation of the goniometer. It may be shown mathematically that 
ће current in the phantom loop equals the square root of the sum 
‘lof the squares of the currents in the two loops for any position of the 
«goniometer. Also it may be shown that the angular position of the 
‘axis of the resultant figure-of-eight field with respect to one loop 
His equal to the angle whose tangent is the ratio between the two 


| antenna currents for any angular position of the goniometer (8). 
{ 


PA 


| Mathematically 
| Is, = V TAE Da 
ТА 1 : 
| = tan-!—- for. any setting of В 


As 


i and 6 
| 
Н 
| 


| where Гл, —the current in the phantom loop 
j I,,=the current in loop 1. 
|| Т л, = Һе current in loop 2. | 
| 9 =the angle between loop 2 and the axis of the resultant 
T figure-of-eight in space. 
| В — goniometer setting. 
+ From these two equations and the curves given in Fig. 8 it is possible 
i| to plot 0 against В and I4, against В. (See Figs. 9 and 10). These 
| two curves may be used as an indication of the relative merits of 
(| any goniometer. 

1 From these results it will be noted that the effect of a goniometer 
il having a linear or nonsinusoidal characteristic is to rotate the phantom 
1 figure-of-eight space diagram at a rate different than that indicated by 
} the actual rotation of the goniometer rotors. It will also be noted 
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that the amplitude of the resultant figure-of-eight does not remain a: 
constant but varies depending upon the position of the goniometer: 
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Fig. 9—Effect of the goniometer characteristic on the 
position of the phantom loop in space. 
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annoying in that the angles between courses will not remain the same 
with rotation of the goniometer. It is, therefore, desirable to reduce 
these effects to a negligible degree by designing the goniometer to 
follow as closely as possible a sine wave characteristic. 
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Fig. 10— Effect of the goniometer characteristic on 
the current in the phantom loop. 


Many different goniometers have been made with characteristics 


of varying types. The final goniometer characteristic adopted is 
plotted in Fig. 11. 
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ul The effects of idiosyncrasies in goniometer design on the position 
лов the courses of the polydirectional system are shown in Fig. 12. It 
пи be noted that the angular position of the courses with respect to 
ot other varies as the goniometer is rotated. The effect is elim- 


H 


ginated only when the goniometer has a true sine wave characteristic, 
Ја condition difficult to obtain in practice. 

Cross-coupling effects may be defined as the effects due to the 
yexistence of unwanted couplings between the two loop antennas. 
‘Their presence is detrimental to the proper functioning of a poly- 


|directional radio range and due caution must be exercised to elim- 
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Fig. 11—Final goniometer characteristic showing de- 

viation from theoretically perfect type. 
t inate them. Direct magnetic coupling between the loop antennas is 
à reduced to & minimum by placing both the loop antennas and associ- 
| ated goniometer rotor coils at right angles to each other, and by shield- 
( ing the loading coils in one antenna from those in the other antenna. 
1 Capacitive coupling between the two loops 18 minimized by adequate 
| spacing of the loop lead-in wires and connections between the loop 
4 tuning unit and the goniometer. The crossed coils in the goniometer 
ү rotor are staggered slightly in order to reduce the capacitive coupling 
| between them. 
|: In addition to the direct forms of coupling already discussed, 
+ there exist various indirect couplings, the first appearing as coupling 
between stators by way of the rotors which induces undesired cur- 
j rents in both of the loop antennas. The effect of this type of cross 
eoupling may be reduced considerably by utilizing untuned stator 
| circuits, i.e., circuits having a fundamental outside of the band of 
| frequencies in which the transmitter is to be worked. 'This method 
| may be utilized under eertain eonditions, but does not prove to be 
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entirely satisfactory since some cross coupling is always present. 
However, when the three stator coils are set at 120 degrees to each. 
other, this type of coupling is almost entirely eliminated because the 
phase and amplitude of the undesired voltages are such that they, 
will cancel each other. E 

The second of these effects occurs as a result of the direct coupling 
between stator coils which also has the effect of introducing undesired; 


couplings between the loop antennas. Theoretically, the effects E 
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Fig. 12— Effect on course positions caused by deviation of actual 
goniometer from the perfect sinusoidal characteristic. 


these magnetic couplings may be eliminated by coupling the stator 4 
coils at 120 degrees to each other in a single compartment. This ` 
method was not deemed practical due to difficulties which would be i 
encountered in the electrical design and mechanical construction of H 
such a goniometer. Considerable capacity coupling would also occur :! 
between each of the stator coils which would introduce coupling effects 4 
rather difficult to eliminate. It was, therefore, decided to simplify | 
the construction of the goniometer and to minimize the magnetic and - 
capacitive coupling effects by placing each stator coil in a separately | 
shielded compartment together with each pair of cross-coil rotors. · 
(Fig. 13). 

The completed goniometer embodies all of the fundamentals pre- | 
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Fig. 13—Side view of the goniometer uséd with the polydirectional radio range. 
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viously discussed and although the characteristic obtained is not exact- 
ly sinusoidal, the results indicate that the approximation is close 
enough for satisfactory operation. It has been pointed out that small 
variations in the characteristic cause the angular spacing between 
adjacent courses to shift as the goniometer is rotated. Under certain 
conditions, this may prove to be an advantage rather than a disad- 
vantage, as it will aid in the alignment of courses along established 
alrways. 
| NEUTRALIZATION 


The two types of indirect coupling already described introduce 
undesired voltages in the stator coils of the goniometer, which in turn 
are connected to the plates of the power amplifier tubes. It is evident 
that if these tubes are not neutralized, the undesired voltages will be 
fed back to the grid circuit and amplified, thus accentuating the 
effects of the coupling. This type of amplification is prevented by 
the use of neutralization, which also increases the stability of the 
amplifier by preventing self oscillation. The Hazeltine method of 
neutralizing was considered, but was rejected in favor of the Rice 
method for the reason that the former method would require a plate 
neutralizing coil as a part of each goniometer stator, thus compli- 
cating the construction. In the Rice method the neutralizing circuit 
can be confined to the transmitter proper, thus reducing the effects 
of stray cross coupling between the amplifier branches. This method 
was finally adopted and has proved entirely satisfactory. The use of 
neutralization has practically doubled the plate efficiency of the power 
amplifiers over that obtained in circuits employing no neutralization. 


CouPLING BETWEEN THE INTERMEDIATE POWER AMPLIFIER 
AND THE POWER AMPLIFIER 


Theoretically the best arrangement for coupling between the 
second intermediate power amplifier and the power amplifier is a tank 
circuit tuned to the working frequency of the transmitter (Fig. 14a). 
This circuit may be adjusted to present the optimum output impe- 
dance to the intermediate power amplifier tube, and at the same time 
may be used to obtain a voltage 180 degrees out of phase with that 
applied to the grid for neutralizing the power amplifier. Development 
has indicated that the degree of neutralization possible with this 
type of circuit is exceedingly good, but it requires accurate adjust- 
ment for each change in frequency. For this reason it was decided to 
eliminate the tuned tank and use transformer coupling. (Fig. 14b). 
This method of coupling was tried and found to work very well for 
relatively narrow frequency bands. Considerable difficulty was en- 
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countered with series and parallel resonant circuit conditions in the 
power amplifier which gave erratic results in the form of self-oscilla- 
tion, transient voltages, and unstable operation. However, these 
conditions were each eliminated and satisfactory results were obtained. 
It was observed that the output varied appreciably with wide changes 
in frequency (285 kc-350 kc), and that irregular changes in plate 
current occurred when tuning the antenna under conditions of low 
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= 
co 
Se] 
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Fig. 14— (а) Schematic diagram of tuned tank coupling. (b) Schematic diagram 
of transformer coupling. (c) Schematic diagram of impedance coupling. 
grid excitation. In order to improve these conditions, it was decided 
to try impedance coupling. (Fig. 14c). The coupling impedance 
used was a center tapped triple layer bank wound coil similar in all 
respects to the usual type of impedance coupling coil except that it 
included larger wire and extra turns for neutralizing the power am- 
plifier. With this type of coupling many difficulties similar to those 
encountered when using transformer coupling were observed and 
‘eliminated. This system of coupling had the advantage over the 
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transformer coupling in that much more uniform grid excitation and 
output could be obtained over the relatively wide frequency band in 
which these transmitters were required to work. The degree of neu- 
tralization obtainable with both the transformer and impedance cou- 
pling was not quite as complete as that obtained with the tuned tank 
coupling, but was found to be adequate for all requirements imposed 
upon it. Incidentally, the result of neutralizing this particular cir- 
cuit was to reduce the amount of energy fed directly to the antenna 
by the intermediate power amplifier to approximately one four-hun- 
dredth the value obtained when neutralization was omitted. Thus, 
neutralization has the additional advantage of reducing the load and 
decreasing the reaction on the intermediate power amplifier. 


METHOD FOR OBTAINING THREE-PHASE RADIO-FREQUENCY SUPPLY 


The theory of establishing twelve courses is dependent upon the 
production of a three-phase radio-frequency supply in which the 
phases are symmetrically displaced. Due to the lack of accurate 


Fig. 15—Diagram showing fundamental zi end utilized in obtaining 
three-phase radio-frequency supply. 


information on this subject, it was necessary to devote considerable 
time to the development of a satisfactory system. The problems en- 
countered and the final results obtained will be discussed in succeeding 
paragraphs. 

First attempts at the production of a three-phase radio-frequency 
supply involved the use of a three-phase oscillator utilizing three 
tubes, the tank circuit of each tube providing a separate phase of the 
three-phase supply for exciting each audio-frequency channel. This 
idea was soon discarded because of the difficulty which would prob- 
ably have been encountered in keeping each of the individual plate 
circuits tuned to give the same frequency. Furthermore, it was 
realized that an individual oscillator tube for each phase was not to? 
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be desired since different tube parameters would give various outputs 
and phase relationships, a condition which would be most pronounced 
in cases of tube failure and would require trained personnel to realign 
the phases to their normal positions. It was finally decided to make 
use of the so-called phase splitting idea, utilizing a single master 
oscillator of the Hartley type (Fig. 15). The plate of this oscillator 
was supplied by a 9-е source in the ordinary manner and the frequency 
was controlled by the usual tank condenser. Inasmuch as the radio 
frequency voltage applied to the plate and grid are essentially 180 
degrees out of phase, it is obvious that the voltage (E) across the 
grid side of the tank is 180 degrees out of phase with the voltage (Ep) 


Fig. 16— Vector diagram showing fundamental phase relationships | 
of voltages across Ка, Re, and R5 in Fig. 15. 


across the plate side of the tank. If the voltage across the plate side 
of the tank circuit is applied to a condenser and resistance in series, 
and simultaneously applied to an inductance and resistance in series 
(Fig. 15), it will be noted that the phase of the voltages across Ri 
and Rs will vary in accordance with the ratio of X L/R and X c/ Fa, i.e., 
0' =tan-! X ;,/ Rs, where 0' equals the phase displacement between the 
applied voltage across Xz, R», and the voltage across Re. In the same 
way 0'' —ian-! Х / Ка where 6’’ equals the phase displacement between 
the applied voltage across Хо, Ка, and the voltage across Ка (Fig. 16). 
It then follows that the phase angle between the voltages applied 
across В, and Г, (0) will be equal to 0'+6''. Also, if X,=1.73X Rz 
Xe=1.73XRi, and №, = Rs, then 6’=60 deg., 0'' =60 deg., 0=0 40" 
=120 deg., and the voltage Hr, across В, equals the voltage Er, 
across Re The voltage Ев, across Rs is equal to and in phase with 
voltage across the grid side of the tank coil (Z,). It then follows that 
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Ер, is 180 degrees out of phase with the voltage E,. Inasmuch as 
E, lags Er, by 60 degrees and leads Ez, by 60 degrees it follows that 
the voltages across the resistors Ку, Rz, and Ёз are displaced from each 
other by 120 degrees, i.e., 0=а=В. It will be noted that if E,—2 E, 
that the resulting voltages Er, Er, and Ez, wil be equal since 
Еп, = Ер, = Е, соз 60 deg.—0.5 Е,=Е,. This preliminary discussion 
explains the fundamental principles involved in the obtaining of a 
three-phase radio-frequency supply. It will be seen that if the respec- 
tive voltages across Ка, Ко, and Ка are individually applied to the grids 
of three separate radio-frequency amplifiers, the phase relationship 
of the resulting a-c plate voltage generated in each plate circuit will 
‚ be displaced by 120 degrees. This assumes that the phase displace- 


Fig. 17—Diagram showing final circuit adopted to obtain 
a three-phase radio-frequency supply. 
ments between the voltages of each grid and plate circuit are equal 
and that the tube input impedances are infinity. If the input and out- 
put circuits of separate amplifiers are the same, the respective phase 
displacements between the grid and plate circuits are essentially equal. 
However, the input impedance of any tube cannot be equal to infinity, 
therefore, the effect of this impedance must be taken into account 
when adjusting for the proper phase relationships. The stray capacity 
in the input circuit of the first intermediate power amplifier makes it 
difficult to determine the accurate value of input impedance. This com- 
plicates the possibility of determining the values of X; and Хе that 
should be chosen in order to obtain the desired radio-frequency rela- 
tionships. À mathematical analysis of this input circuit using effective 
measured values indicates that the resultant circuit is fundamentally 
а capacitive reactance in shunt with Е, Ко, or Ёз. This capacity 
has the effect of changing the phase relations between the voltages 
applied across each of the tubes. Fig. 17 shows the fundamental cir- 
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cuit required in order to obtain the correct phase displacements. The 
introduction of Же, across Ка and Rz results in requiring Хо to be 
reduced and X; to be increased if the voltage across Ка and Е. are 
to remain equal and displaced in phase by 120 degrees. The intro- 
duction of Хе, across Rs and Rz has another effect which must be dealt 
with in the following manner. The voltage across R,(Fig. 18) will be 
displaced from the voltage E, existing across Хе and Е, by some 
angle less than 60 degrees, 1.е., (60 deg.—4) and the voltage across . 
В, will be displaced from the voltage Е, existing across Хур and kz 
by some angle greater than 60 degrees, ie. (60 deg.+¢). From this 
itis noted that the voltages applied across Ка and Ке are not symmetri- 


2 
RX 
Re е + Хе, 

ex 
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Fig. 18— Vector diagram showing phase relationshirs 
of voltages existing in Fig. 17. 


cally displaced with respect to the voltage Ew, common to both the Xc 
and X z branches. If X c, is set equal to zero (short circuited) it is obvious 
that E, and E, would be identical and E, applied to Ја would be 180 
degrees out of phase with Es. Then E, would be displaced from Ep, by 
120 deg.t¢@ and from Ел, by 120 deg.—4. In order to compensate 
for this asymmetrical arrangement of phases, Хо, is introduced and 
may be adjusted to a value which will permit all phases to be dis- 
placed from each other by 120 degrees. It is then possible by a slight 
adjustment of tap A (Fig. 17) to adjust the ratio of Е,/Е, во that 
the voltages across Ri, До, and Ка are equal ав well as being displaced 
by 120 degrees. It is of interest to observe that shifting the sliding 
{ар A does not affect the phase relationships between Ё„ and Е», but 
only affects the ratio of the voltages (7,/1,). 
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Grid current flowing in each first intermediate power amplifier 
has an important effect which has been neglected up to this point in 
the discussion of. phase displacements. The presence of grid current 
reduces the tube input resistance which is otherwise essentially in- 
finity, thus in effect placing a resistance in parallel with the fixed 
external shunt resistance which will vary in value depending upon the 
portion of the radio-frequency cycle under consideration. This varia- 
tion in resistance shifts the radio-frequency phases from their normal 
respective displacements. In order to eliminate this effect and to 
predetermine the values of Ху, Хе, and Xo, for different radio fre- 
quencies, each first intermediate amplifier is biased high enough to 
prevent flow of grid current. These tubes merely amplify the voltage 
across Ба, Re, and Ёз without disrupting the existing phase displace- 
ments between the respective voltages. 


` METHODS USED то DETERMINE PHasE DISPLACEMENTS 


The first system used to determine when the three radio-frequency 
phases were displaced 120 degrees depended upon the following rela- 
tionship: When each goniometer primary is excited with an individual 
phase of a symmetrically displaced three-phase radio-frequency source 
(no modulation being applied) the current in each loop antenna will 
remain a constant when the goniometer is rotated through 360 degrees. 
The restrictions are that the goniometer shall have a sine wave char- 
acteristic and the voltages applied to each goniometer primary shall 
be equal and remain a constant. From the following expressions it 
will be observed that the current in each loop antenna will remain a 
constant, and that these currents will be equal to each other for any 
setting of the goniometer, assuming that exact 120-degree time phase 
relationships exist between currents in each goniometer primary and 
that the goniometer primaries are displaced 120 degrees in space. 


Г = Г cos wi cos 0 + I” cos (wt + 120) cos (0 + 120) 
+ I' ” cos (wt + 240) cos (6 + 240) 
I, = 1' eos wt cos (0 + 90) + I’’ cos (wt + 120) eos (6 + 210) 
+1' "' cos (wt + 240) cos (0 + 330) 
where J; and 1» represent the instantaneous current flowing in loop 1 
and loop 2, respectively, for any setting of the goniometer (9) in polar 
coordinates assuming the maximum currents I’ , I", ара I’ "' are each 
equal in amplitude when maximum mutual occurs. 


It will be noted that I; plotted against 0 will give a circle having a 
radius equal to Л, and Г, will also give a circle having a radius equal 
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(to I. A space pattern of field strength e will also give a circular pat- 
ttern in space for any setting of the goniometer since we have an ex- 
pression which is similar in form. 


| є = КЕ, [соз wl cos 6 + cos (wt + 120) cos (0 + 120) 

+ cos (wt + 240) cos (9 + 240)]. 

E It is, therefore, of interest to note that the space pattern for any setting 
i! of the goniometer is similar to the pattern obtained by plotting the 
loop antenna eurrent for either loop against the goniometer setting 


| @ as the goniometer is rotated through 360 degrees. Jt will be noted 
that the field strength space pattern or the polar diagram of current 


10000 гі 10000 SL 


Fig. 19—Diagram showing delta arrangement used to determine the radio- 
frequency time phase relationship between each of the phases. 


in either loop is a direct indication of symmetrical arrangement of 
the radio-frequency phase displacements, 1.е., & circular pattern is 
obtained when the phases are displaced 120 degrees time phase; if 
| the phases are not displaced 120 degrees the pattern will deviate from 
a circle by an amount depending upon the deviation from the 120- 
degree time-phase displacement. This can readily be seen by substi- 
t^ tuting values of time-phase displacement in the above equations. 
This system is somewhat cumbersome except as а check on the 
required condition, as it is a tedious cut and try process to determine 
exactly how the radio-frequency vectors are displaced with respect to 
each other. If it were possible to observe these time-phase displace- 
ments for any particular condition, considerable time would be saved 
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in adjusting for the required 120-degree displacements, a considera- 

tion which led to the development of the following method: It is a 
well-known fact that the voltages across each side of a balanced delta 
system which is connected to a three-phase supply will be equal pro- B 
vided the voltages between each junction and ground are equal, and . 
the phase displacements are 120 degrees. Any variation from this | 
condition will cause unequal voltages to occur across the sides of the | 
delta, thus making it possible to determine the phase angles by mea- 

surement of these voltages. This was done by placing two 10,000-ohm E 
resistors in series across each phase at the output of the transmitter 1 
and measuring the current through the resistors by placing a current | 
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Fig. 20—Vector diagram showing method used to determine the phase relation- 
ships between each of the phases when knowing the voltages across each 


delta branch. 
squared galvanometer in series with them. Fig. 19 shows a schematic 
diagram of the arrangement. An example of the results obtained 
using this system follows. A given setting of the phasing controls 
gave the following voltages across the phases: 


Branch E Phase Angle Between Voltages 
AC 1360 130 deg. 
CB 1240 113 deg. 
BA 1274 117 deg. 


| The phase angles were determined by constructing a triangle hav- 
ing its respective sides direetly proportional to the voltages obtained 
across each of the branches (Fig. 20). The perpendicular bisectors of 
each of these sides were erected, intersecting at a single point. The 
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Fig. 21—View showing device used in determining the radio- 
frequency phase relationships. 


B Switch Plug 


Fig. 22— Diagram showing the connections used 
in the instrument shown in Fig. 21. 
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angles between vectors drawn from this point to each corner of the 
triangle represent the phase displacements between the voltages ар- 
plied to the junction points of each branch. This system of obtaining 
phase displacements has proved to be extremely helpful in adjusting! 
Хо, Хе, and Xz to the proper values to give 120-degree phase re-: 
lationships. | | 
In order to eliminate the necessity of using three galvanometers.!: 
and three calibration charts, the resistors were mounted on a panel’; 
with a single galvanometer which could be inserted in any branch by. 
means of a rotating hand-operated plug (Fig. 21). A schematic diagram ||. 
of the device is given in Fig. 22. This arrangement obviated the neces-? 
sity of taking readings from more than one curve, thus permitting | 
the voltages to be read quickly and accurately. 3 


4 
i 
RESULTS OBTAINED WITH THREE-PHASE ARRANGEMENT | 


Representative results obtained with the three-phase arrangement | 
described above are given in Figs. 23a to 23d inclusive. Accompanying | 
each figure is a vector diagram indicating the time-phase relationships | 


existing between each of the goniometer stator voltages as determined 
by the delta-phase measuring system described. Each figure also in- : 
cludes à polar diagram of the current in one loop plotted against the 
goniometer setting in degrees. These polar diagrams have been found 
to coincide for all practical purposes with the field strength patterns 
obtained in space. Figs. 23a to 23e inclusive show clearly the results - 
of varying Xc, from 0 (short-circuited) to 6420 ohms (Co=87 ний). | 
From these results it is quite obvious that the correct value of X Co ; 
for 285 ke is approximately 2820 ohms (C —198 иий). Only a few polar | 
diagrams are given here since the material on hand is voluminous and : 
could not be published in this paper. However, the information given 
herewith is sufficient to indicate that the time-phase vectors bear a 
definite relationship to the polar diagrams and that both methods of 
checking time phase relationships concur, since the three-phase vec- 
tors are approximately 120 degrees displaced when the polar diagram is 
nearly circular. The variations in amplitude which occur in the polar 
diagram are undoubtedly due to variations in the goniometer char- 
acteristic, ie., the goniometer characteristic is not exactly sinusoidal 
as has been assumed. 

The above results were obtained using a resistance of 5000 ohms 
across the tube input. Fig. 23d indicates the results obtained when 
this resistance is increased to 10,000 ohms. It will be observed that 
the value of X c, necessary to give 120-degree time-phase relationships 
when using 10,000-ohm resistors in parallel with each tube is rela- 
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| Fig. 23—Vector diagram showing time-phase relationships and the resultant 


polar diagram of ТА, plotted against the goniometer setting. (a), (b), and 
(с) show the effect of varying Co. (d) shows the effect of making Е relatively 
large. 
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tively high (X¢,=37,200 ohms Со=15 ний). This results in an ab- 
normally high voltage drop across X¢,, thus limiting the maximum 
possible voltage that can. be applied to the grids of the first inter- 
mediate power amplifiers to about 140 volts; whereas about 380 volts 
may be obtained if 5000-ohm resistors are used with the required 
values of Х с, Хе, and Xz to give 120-degree time-phase relationships. 
The widely varying results obtained in the available voltages when 
the required phase relationships are obtained can be accounted for 
only by taking into account the stray capacity (Со) of Xz, Хо, and 


X¢, to ground. It will be observed in Fig. 24 that the voltage vector Er, | 
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Fig. 26—Curves showing effect of stray capacity upon the per cent of total vol- 
tage E, capable of application to the tube with different values of Ri. 


reduces very rapidly with respect to the constant applied voltage 
E, as Ca is increased. Fig. 25 shows the value of C, required in order 
to maintain the 120-degree phase displacements with different values 
of Cc and Ri, while Fig. 26 indicates the effect of stray capacity upon 
the voltage applied to the tube with different values of R,. These 
curves clearly indicate the reason for choosing 5000 ohms instead of 
10,000 ohms. 


DETERMINATION oF Xz, Xo, AND Xo, FOR DIFFERENT 
FREQUENCIES 
In order to determine the value of Xz, Хе, and X c, for various 
frequencies, it was necessary to ascertain the absolute value of the 


а „от 


ATTE 
= 


feo: 
if Jackson and Bailey: Radio Range Transmitter 2089 


i 
impedance. This was attempted in several different ways which 
те to give widely varying results of an erroneous nature. From 
‘aaese preliminary experiments and calculations, it was eventually 
it tlecided that the only method which would give the required results 
М jvould be to obtain a three-phase radio-frequency supply at a given 
х дгедиепсу and then knowing the values of Xz, Хе, and Xo, used, 
à pork backwards, and determine the characteristies of the input im- 
= Недапсе. This procedure was undertaken and is given here as there 
и dre several points of interest. The following values of Ху, Xo, and 
^ac, were taken at 285 ke and were found to give a symmetrically 
ájhase-displaced three-phase radio-frequency supply to within the 
t)recision of measurement. | 


| Х, = 8730 ohms 

| © L = 4880 uh 

\ Хе = 5760 ohms 

| C= 97 шї 

| Xo, = 2820 ohms 

| С, = 198 put 

| bier Bo _ Eo Zo So _ 

atio of voltage —- = — = — =-— = 1.90. 

H Er, Er, Z Le 


| 
"The determination of this voltage ratio is explained in a following 


ibaragraph.) 
| With this data at hand it is possible to determine X, (the equivalent 


H 


уветјев reactance of the tube input circuit). 


| Х,- Xe 8730 — 5760 | 
| Е SEL E — 1485 ohms. 


i a 2 
| 
(This is apparent from observing the vector diagram in Fig. 27. Angle 


/*8 is equal to angle a. 
В. (the equivalent series resistance of the tube input circuit) 


‚ [may be solved as follows: 


Rè + Ке“ = Le 
I + (Xe + Xo)? РА Zo? 
Zo? Re + (X. Xe)" 


| ‚ БЕ сс њи 


тии очен eiii. 
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Substituting the known values of X, and Хо and solving for №, 
Re = 4130 olims. 


Хе+Х, ATEN: 
“es Im and angle a= Е ^8 


Angle В (Fig. 27) = tan^! 


e e 


a = В = 60.33 deg. 


By phase angle measurement a+ was found to equal 120 degrees: 
ог а=В=60 degrees which compares very favorably with the cali; 
culated value. In order that all calculated values would be consistent, | 
B and « were each set equal to 60 degrees and Xcand Xz were solved 
for, since it is apparent that X, and R. would remain constant for the: 
same frequency. 


Fig. 27—Impedance vector diagram Showing rela- 
ship between different vectors. 


Solving for the revised values of X, and X г io make а and В both | 
equal to 60 degrees, we have | 


Xe = 5665 ohms 
C= 98.6 uuf 

Xr = 8635 ohms 
L = 4820 uh 


. Z 
Revised ratio of impedance — ci 1.88. 


Knowing the values of X, and R., it is possible to determine X, | 
from the following equations: 


1 
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Я i] f RX: 
| = 
| R24 Xe 
| p XR? 
Vj о X= 
~ | бо + Хр 
‘om which 
£i X Tee? + е? 
p FOR 


m ue 

4) Now substituting the values of В, and Х. previously determined 
| X, = 18,000 ohms 

| C, = 43 шї 

It is now possible to determine the value of R (the effective shunt 


$ ssistance) from the following simple relationship 
| Xe 
H R = —Х, - 
| | 
| Substituting values of X., Х,, and Re. 
| R = 4670 ohms. 
у 
| 
} 280 
ў 
( 
| 

\ 5 
i 5 у 
| : : 
| 3 Ц 
| 3 3 


4 6 280 500 320 340 360 
Frequency in Filocycles 


Fig. 28—Curves showing values of C, L, and Co required for different frequencies. 


l It is now assumed that the values of R and C obtained for the 
jube input circuit remained constant for different frequencies. With 
‘hese values available it is possible to predetermine the values of 
(Хо, Xz, and Xo, required for adjusting the three time-phase displace- 
(ments to 120 degrees for various frequencies. Values of С, Г, and С, 
р plotted against frequency in Fig. 28. These curves made it м 
M ‘to calibrate С, Г, and Cy and plot curves of their ке dial set- 
{tings against frequency. 
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DETERMINATION OF VOLTAGE RATIO adl 


It will be observed from the foregoing discussion that the dete? 
mination of the impedance ratio Zo/Z. has played an important par 
in obtaining the absolute value of the tube input impedance. Thei : 
accuracy with which Re Хь and R may be determined depends | 
directly upon the accuracy of the ratio Z)/Z.. The method orignal | 
used to determine this ratio was as follows: A thermogalvanometer}s 
(Gi) was placed in series with the phasing condenser as shown in | 
Fig. 29 and a single-pole single-throw switch (Sı) was placed across 
the phasing condenser. The voltage E, applied to the system wasi} 
measured by the JR, drop occurring across the resistor Ам. A given b 
voltage E, was applied to the system with S; in a closed position]? 


The current J, flowing in the meter С, was then recorded together)? 


сва, 


+ u^ е 
ENTE i РОМНИ РЕОН e Ap i M 


MO. 
Tank 


Fig. 29—Schematic diagram showing methods 
used in determining the voltage ratio. 


4 3*3 
пот Аде ачый обо ак 


with the applied voltage E,. The switch S, was then opened and the 
voltage across Ё м was readjusted to its normal value E, by reducing 
the plate voltage of the master oscillator. The current I» flowing in 
С, was then recorded, particular care being taken to see that the volt- 
age across Км was identical to the reading taken when S, was closed 
It will now be seen that 


я 


M a tl ai de оби а eaa al e t Be tms a фр ict iq ead irri RD ео, оном Fia 
р = 


Ep 
= De 
1, 
Ер 
and —- = Žo 
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Jaat is, the ratio of the currents 1/1» is a direct indication of the _ 
«atio of 2,/2.. Theoretically, this procedure appears to be valid. 
njowever, practically this is not true, since the values of J; and I; are 


liBaecurate and cannot be depended upon to give correct results be- 


Fig. 30—Antenna system for the polydirectional radio 
range at Wayne County Airport, Detroit, Michigan. 
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Fig. 31—Variation of antenna resistance and 
effective inductance with frequency. 


Hause of the capacity between the meter and ground. It might be 
expected that by isolating the meter (т; from ground fairly accurate 
-esults would be obtained with this method, However, experiment 
indicated that the results obtained by further isolating the meter Gi 
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from ground gave only a slight improvement. The meter Gi wäi 
then removed from this position and inserted at point O Fig. 29. Thé: 
results obtained with the meter in this position were a great improvej E 
ment over those obtained with the meter in the original position: је 
However, the effect of the stray capacity of the meter to ground wag! 
still present and the results obtained were in error by several per cent}, 
In order to reduce the effect of meter distributed capacity to ground 
and thus obtain accurate current readings, the following method was 
adopted. The meter С, was placed at point P in Fig. 29, and r 
switeh S, was omitted from the circuit. It is true that tbe ratio 0 
the voltage across Ry to the voltage across R, is equal to the a: 
of Z,/Z,. since 


италии 


Еви = Zole 

and Er, = 7,1» 
Ru. e Ж | 
{һеп = = —- i 
En, ZI» a | 


4 
This method gave results which were reasonably accurate and had 
the additional advantage of balancing the voltages applied to the 
inductive and capacitive branches. 


| 
CHARACTERISTICS ОЕ Loop ANTENNAS | 


E 
Two loop antennas placed at right angles to each other аге пзеф Ё 
to radiate the carrier and side bands due to the three modulation: 


The loops employed are 212 feet long and have an average height of; 
10 feet. An outside view of a polydirectional radio range station i$: 
given in Fig. 30 and should give a clear conception of the arrangement} 
of the loop antennas. A diagram giving the dimensions of one of the 
loops is given in Fig. 31, together with the measured values of antenna’ 
resistance, and effective inductance for different frequencies. The; 
distributed capacity of the above loop antenna is 57 upf. Fig. 325 
gives two curves of effective height for different frequencies. One | 
curve is calculated by formula knowing the physical dimensions, | 
while the other curve is determined by the Austin-Cohen formula} 
knowing the field strength and attenuation constant. Particular!) 
attention should be given to the fact that the loop antenna has been; 
reduced in height from the type formerly used in order to permit: 
placing the polydirectional radio range as close as possible to airports} z 
without creating an obstruction, since it is essentially a homing | 
device. i 
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| COURSE INDICATOR 

4 In order to check rapidly the position of courses about the poly- 

к rectional radio range, it was necessary to provide ће station with а 
""Brtable course indicator which could be conveniently located at 
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1 
Fig. 32— Variation of effective height with frequency 
| of antenna shown in Fig. 31. 
sy given point around the intersection of the loop antennas. Fig. 33 
" nives the schematic diagram of a course indicating device which fully 
| these requirements and has the additional advantage of indi- 
| 
| 


| | х 
TH 2 Stage Audio- 

„ 9 
| 2 Frequency Amp. oed 
ЈА | Reed 
ud 
E Reed Indicatorr Box 
ИН, Pickup Device 


Fig. 33—Schematic diagram of course indicating device. 


jl ‘Mating the position of the courses in the radio range building. The reed 
ai (pdicator pick-up device shown in Fig. 34 consists of a tuned circuit: 
ш! irhieh is excited by а five-foot vertical rod antenna. The voltage set 


up across the tuned circuit is rectified by a UX-199 tube and then 


xTM me 
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delivered to the radio range building through a flexible triple condu 
tor shielded cable. The UX-199 filament supply is furnished by) 
battery located in the radio range building, thus making the picku 
device as portable as possible. Radio-frequency chokes аге plac 


a 


a NDS 


Fig. 34— Pick-up unit of course indicating device. 
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in each lead at the rectifier unit in order to prevent radio-frequency 
pickup on the line from combining with the desired voltages induced 
in the antenna. A conventional two-stage amplifier is used to raise 
the audio-frequency voltage supplied by the reed indicator pick-up 


j 
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= idevice to a level suitable for application to a reed box which is located 
“tat the operator’s desk. This unit has proved valuable not only as а 
"tpeourse positioning device, but also as a course monitor. 


FIELD OBSERVATIONS OF RESULTS 
| A brief summary of the results obtained using the equipment des- 
cribed above is given in the following paragraphs. 
The versatility of this equipment to fit the requirements of the 
; Airways Division is probably best demonstrated by showing the ob- 


65 ^ Keed Amplitude 


86.7 ^; Reed 
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= Fig. 35— Observed reed amplitude space patterns of a two-course radio range. 
» served field patterns which may be obtained when working the equip- 
4 ment under different time-phase and space-phase conditions. The 
three standard systems of application are the two-, four-, and twelve- 
# course arrangements. The two-course system is established by utilizing 
f only two of the radio-frequency amplifier channels which excite two 
0 of the goniometer stators which are placed at right angles to each 
р other. The radio-frequency voltages applied to each of the channels 
are in phase (0-degree phase displacement). Observed reed amplitude 
space patterns of the two-course radio range are shown in Fig. 35. 
The four-course system is established in a similar manner except that 
the radio-frequency phases are displaced by 90-degrees. Fig. 36 shows 
. the observed reed amplitude space patterns obtained when the equip- 
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Fig. 36— Observed reed amplitude space patterns of a four-course radio range. 
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Fig. 37— Observed reed amplitude space patterns of a twelve-course radio range. 
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pment is used as a four-course range. As has already been explained, 
twelve courses exist when three channels are excited at 120-degree 
“/time-phase and the resulting outputs applied to the three goniometer 
$stators which are placed at 120 degrees. The observed reed amplitude 
js ‘space patterns obtained using this arrangement are shown in Fig. 37. 
| From these figures it may be observed that a radio range trans- 
limitter having such an array of potential courses may be used to serve 
i any particular case which may arise. The comparative reed amplitudes 
tobtained when flying on the different courses are approximately as 
ifollows: (a) Both courses of the two-course range give thirty per cent 
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Fig. 38— Attenuation curve showing the field strength of the polydirectional 
" radio range at different distances from the station. 


i greater reed amplitude than the four-course range: (b) The six 
i strong courses of the twelve-course range give reed amplitudes equal 
t| to seventy-five per cent of those obtained with the four-course range, 
Й while the six weak courses have but half the amplitude of the strong | 
¢ courses. The relative amplitudes of these courses may be altered 
© considerably by varying either the time-phase or space-phase relation- 
| ships. However, these amplitudes are approximately correct, assum- 
i; ing normal space and time an: and a fixed plate voltage of 2000 
“| volts in every case. 

тг. Experiment has indicated that the four-course range may be fitted 

| to the different airways in many cases by reducing the plate voltage 


on one of the power amplifier branches. This may be accomplished | 
readily by placing a resistance in series with the plate supply. This || 
reduces the amplitude of one of the side-band figure-of-eight patterns, 
thus permitting the angle between adjacent courses to be adjusted || | 
to any angle between 45 degrees and 135 degrees instead of the normal . | 
90-degree displacement. Adjusting the courses in this manner instead | 

1 
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of varying the plate voltages on the second intermediate power am- | 
plifier has the advantage that the power amplifier grids may be worked i \ 
always at high excitation, thus permitting smooth operation and high i 
efficiency. An added advantage of varying the plate voltage of one 
of the power amplifiers is that the amplitude of the side-band pattern 
is nearly a linear function of plate voltage over the range of normal 
Operation. 

Fig. 38 shows the field strength* produced by a twelve-course radio : 
range under normal operating conditions. These measurements indi- 
cate the relatively poor radiating qualities of loop antennas and also ji 
show a very high attenuation constant of 0.0146 which is considerably : 
higher than is normally obtained at these frequencies. 
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CONCLUSION 


The results outlined in the previous paragraphs indicate that the 4 
twelve-course visual radio range as developed by the Airways Divi- 
sion is capable of installation as an established aid to air navigation. 
Every effort has been made to simplify the operation of the trans- : 
mitter and to reduce to a minimum the possibility of failures in regu- |. 
lar operation. Attention has been given to details which will permit 
the servicing of the equipment by operators of average ability. 

- The design of the completed transmitter permits its use either as а 
multicourse radio range or as a simple two- or four-course type. This ` 
flexibility of design is particularly valuable when all conditions en- 
countered along the airways are considered. It is true that in a ma- | 
jority of cases the two- or four-course range will fill the requirements, 
the polydirectional installation being confined to terminal locations 
where there is a concentration of airways. 

No attempt has been made to establish definitely the relative 
superiority of either the visual radio range, such as described in this ` 
paper, or the aural type which is now in use. The final acceptance of : 
either type should be based upon the opinions of pilots who have had 
experience with both types of ranges under all conditions encountered 
in commercial transport service. 


$ The Supervisor of Radio of Detroit, Michigan, made these measurements 
on the radio range installation at Detroit, Michigan. 
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Summary—In attempting to control the audio output of a radio receiver employ: 


distortion, due to nonlinearity of the output-input voltage relation for the tube, and | 
cross-talk are encountered at the higher signal voltages. Both effects are largely due: 
to the rapid increase in the higher-order curvature parameters of the tube characteristié 
which occurs as the grid bias increases negatively, or screen-voltage decreases. 

Two tubes, designated as Types 550 and 561, have been developed to reducé 
these effects. They are shielded tetrodes of which the characteristic has been specially 
shaped to reduce the higher-order curvature in relation to the transconductance. The d 
desired shape of characteristic is attained by a composite structure by virtue of which 
the tube acts as a high-mu tube at normal grid biases and automatically changes into: 
a device of low-mu as the grid bias increases negatively. 

The 550 tube will handle an input voltage of 15, and the 551, 7 volts, with negli-3 
gible distortion. These represent improvements of 50 and 25 times over present 2h 
tubes. Cross-talk is reduced іо 1/600th that obtained with the present type at input’ 
voltages of 0.1 volt. | i 

A general discussion of the problem of distortion and cross-talk is given from | 
both the theoretical and experimental viewpoints. Both effects are shown to E 
approximately proportional to the ratio of the third derivative to the first derivative of | 
the plate current-grid voltage characteristic. A factor called the cross-talk factor is | 
defined which represents the ratio of audio output due to the interfering signal y 
that due to the desired signal. Thisis shown to vary with the square of the Te. | | 
signal voltage. Graphical methods of analysis of distortion and cross-talk in multi- | 
stage amplifiers are described. i 

The principle of the variable-mu tube is outlined and a number of structural.) 
embodiments illustrated. The paper concludes with curves and a table of characteris- | 
tics of the type 560 and 551 tubes and the results of tests of reliability, reproducibility, | 

| 


р 
{0 


and longevity in the manufactured product. 


N RADIO broadcast receivers the control of audio output for | 
| varying antenna signal voltages is commonly effected by varying 1, 

an electrode voltage, such as the control-grid bias, of the radio || 
amplifier tubes. With ordinary triodes and tetrodes as heretofore em- | 
ployed, the range of antenna r-f voltage over which satisfactory ; 
control by this means can be obtained is limited, the results being un- | 
satisfactory when the receiver is so located that the signal voltage: 
from neighboring transmitting stations is high. In these cases several || 
undesirable effects accompany the increasing negative control-grid ; 
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* Decimal classification: R148.1 R334. 1 t ed b 
the Institute, October 20, 1930. р Mr і 


2102 


ў 
| Ballantine and Snow: Reduction of Distortion 2103 
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Hias which is necessary to secure constant audio output with increas- 

» ing signal voltage: 

(1) Distortion duc to nonlinearity in the relation between the r-f 
output voltage of the amplifier and the r-f input voltage; 

(2) Increased intermodulation or cross-talk effects; 

(3) Increased hum in a-c operated receivers duc to modulation 
of the carrier by low-frequeney hum voltages inadvertently 
present in the eontrol-grid and screen-grid circuits. 


erent ae 


5o The underlying cause of the first. two of these effects is the increase 
um the higher-order curvature of the tube characteristic in relation 
по the effects of the first order, which takes place as the applied r-f 
avoltages are increased. 

! The type 550 and 551 tetrodes have been developed with the object 
ЊЕ reducing the difficulties cnumerated above with a minimum of 
Zneonvenience and readjustment. This has been achieved by shaping 
ithe plate current-grid voltage characteristic so as to minimize the 
‘higher-order curvature over an extended range of control-grid voltage. 
i Before discussing the structure of these tubes and the principles of their 
operation it will be of interest to consider briefly the underlying prob- 
(lems of distortion and cross-talk which they are intended to solve. 


I. PROBLEM oF VOLUME CONTROL BY Variation OF Grrp-Bras 


The problem (о be discussed is the special one associated with 
the control of amplification in the radio amplifier by variation of an 


A.F. OUTPUT VALTAGE 


el 
o 
~ 


5 6 8 10 
i R.F INPUT VOLTAGE 
-© Fig. 1—Relation between input and output voltages in a 4-stage r-f amplifier 
Ё employing 227 tubes (Es = 90 v) showing nonlinearity at high input voltages. 


E electrode voltage, usually the control-grid bias. The broad problem 
{ of volume control by this and other methods, such as antenna voltage. 
"i control, combination control of grid-bias and antenna voltage, etc., 
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shows the experimental relation between the output voltage and input ji 
(or antenna) voltage in a 4-stage 227 r-f amplifier designed to supply |» 
a maximum of 20 volts for the operation of a linear detector. Each}; 
curve represents the relation for a specified value of grid bias. Fors 
values of grid bias below —9 volts the relation between output and input: | 
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Fig. 2—Input-output voltage diagram for a single tuned r-f amplifier stage em- z 
ploying type 24 tetrode (E, —180 у; Ег=90 v). The dotted lines are con- | 


tours of constant modulation rise. 
over by overloading due to grid current in the final tube. Above. 
—9-volt bias, however, the output-input relations become nonlinear : 
and an attempt to operate over this range of input voltages will re- | 
sult in a distorted output. This distortion is most severe for high de- 
grees of modulation. The curved characteristics shown also have the _ 

! This discussion is contained in a paper entitled “Recent developments in j 


` RFL broadcast receivers," presented at a meeting of the Philadelphia Section, | 
Institute of Radio Engineers, held in Philadelphia, November 7, 1929. | 
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эсс, for small degrees of modulation, of effectively increasing the 
degree of modulation. At E,- —11.5 v, for example, а signal of a 
4qeertain amplitude having a modulation of 5 per cent wil have its 
dimodulation increased to about 70 per cent in passing through the 
siamplifier. This rise in modulation shall be referred to as modulation rise. 
у For а more detailed investigation and analysis of this problem 
athe input-output relations for a single stage are of fundamental im- 
“portance. Fig. 2 shows the experimental relation between the input and 
fioutput voltages of a single stage employing а shielded tetrode of the 
124 type (E57 180 v, E490 v), anda conventional tuned transformer. 
к Logarithmic voltage scales are used in order to cover the wide ranges 
‘of magnitudes involved. Fach curve represents the output-input 
у voltage relation for a specified control-grid bias. Each curve comprises 

a portion over which the output varies lincarly with input and a curved 
i portion over which the output increases at a greater rate than the 
(input. For small values of grid bias the curved portion practically 

disappears, but as the bias increases negatively this part continuously 
{ encroaches upon the straight portion. 

The straight lines in the lower right-hand corner of Fig. 2 marked 
“residual transmission” represent the signal which leaks through the 
stage independently of the repeater action of the tube. Thisis of course 
linear. Such residual transmission may arise in several ways. In а 
shielded tetrode stage without provision for balancing out the cou- 
pling due to the small plate to control-grid capacity, it would arise 
from coupling through this capacity. In the case of an ordinary triode 
with a balancing network, it may arise from a slight unbalance, in- 
tentional ог accidental? It may also exist, or be intentionally provided, 

‹ by coupling in the associated circuits. 
The dotted lines on Fig. 2 represent the voltages at which various 
i degrees of modulation distortion due to curvature, as measured by 
| the percentage rise in modulation, occur. А series of such contours 
of constant modulation rise have been drawn and are useful in pre- 
dicting the over-all distortion in an amplifier composed of several 
| stages by a graphical method which we shall describe later. А re- 
| versal of the course of these contours occurs in the region in which the 
i 
| 


residual transmission is of importance due to the promotion of linearity 

| by this linear coupling. 

| Inspection of Fig. 2 shows that the range over which the ampli- 

i | fication of the stage can be varied without exceeding a given distortion 

| decreases as the input voltage increases. For this reason, wherever 
* A detailed discussion of the effects contributing to residual transmission 


and methods of rendering an amplifier stage perfectly monodic have been given 
‘by Ballantine, U. S. Patent No. 1,760,871. | 
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placed upon those stages in which the input voltages are low. We have} 
found that a considerable extension of the range of distortionless |!" 
control can be secured by means of a judicious graduation of control | 
bias among the stages of a multistage radio amplifier and this method | 
has been successfully used in broadcast receivers for some time. It із |!" 
especially valuable where a linear detector,’ requiring a high input |" 
voltage, is employed. In the latter case the stage preceding the high |! 
voltage detector is left out of control altogether, or the variation of. | 
its control-grid bias is considerably reduced in comparison with the ||“ 
ranges of variation of the earlier stages. | 

Fig. 3 shows the audio output versus antenna carrier voltage for an | | 
old experimental receiver employing an automatic volume control and’ і 
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Fig. 3—Relation between audio output and antenna voltage in a receiver em- 


ploying automatic volume control, exhibiting modulation rise and distortion 
at high input voltages. 
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high voltage linear detector with a fully graduated grid bias in the ; 
radio stages. The rise in audio output at the higher antenna voltages ` 
is due to modulation rise, as mentioned above, since the carrier voltage ~< 
at the detector is maintained at a constant level by the automatic | 
volume control. This rise is more marked for the lower values of 
modulation, as one should expect. There is no simple relation between ` 
the actual distortion produced, as measured by the generation of har- 
monics in the case of a pure tone modulation, and the modulation rise. 
At low modulations a considerably greater increase in the effective 
modulation can occur before the distortion (introduction of extraneous 
tones) becomes objectionable than in the case of high modulation. 


This is suggested qualitatively by the curve in Fig. 3 marked “objec- 
tionable distortion.” 


* Ballantine and Hull, U. S. Patent No. ; 1 
Wee te atent Мо. 1, 698,668; Ballantine, Proc. I. R.E., 
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y The modulation distortion, or rise in modulation, exhibited by 
му а. 3 is a useful criterion in studying and comparing tubes for the 
ngvjcurvature effects under consideration. Such a curve may be con- 
nnitistructed by taking a cross-section of the stage diagram of Fig. 2, 
паж is to say, the points of intersections of a line of constant output 
уі the dotted contour lines for constant modulation rise. The effec- 
щий Шуе modulation rises at first and then returns to the original level. 
uif This decrease is due to the effect of residual transmission through 
10е stage which, being linear, reduces the distortion. A maximum 
: iris obtained by crossing the Fig. 2 stage diagrams at constant output, 

à starting in the region of linear response to the left and passing through 


ш! the region of curvature to the linear residual transmission curve at 
пуб the right. 
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Fig. 4— Control analysis: Diagram of input voltages in a 3-stage amplifier 
employing 24 tetrodes; controlled by common grid bias in all stages. 


T 
| | A graphical method of applying the data for a unit stage to the 
и“ prediction of the performance, control characteristics, overload, and 
dU selection of control bias graduation in an amplifier comprising several 
„| Such stages, is shown in Fig. 4. In this diagram the values of grid 
yt bias do not appear explicitly but are represented by the corresponding 
af) values of transconductance (mutual conductance) s, of the tube, 
id which are plotted as ordinates. The right-hand curve, marked “maxi- 

| mum input voltage for 20 per cent modulation rise” represents the 
1 values of input voltage at the specified values of sm which result in a 
| modulation rise of 20 per cent. These values may be obtained from 
T Fig. 2 or by direct measurement. Fig. 4 represents the case of com- 
| mon bias control in three stages. The voltages at the grids of the 


| various stages under standard conditions (з, = 1000 micromhos) are 
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upper edge of the diagram. Since the standard output? (50 milli- | 
watts) adopted for such measurements is somewhat low in terms of. 
average listening conditions an audio voltage output of approximately: 
ten times (100x power) is also represented. The significance of the. 
straight lines will be apparent. At the grid of the 3rd stage, for ex- | 
ample, when the bias has been adjusted so that the transconductance |з 
has been decreased from 1000 to 100 micromhos, or to one-tenth.'|, 
of its initial value, the voltage will have been increased ten times +о:!. 
preserve constant input to the detector; in the 2nd stage the voltage; 
will have been increased 100 times for standard output; and in the 
Ist stage to one thousand times, and so forth. It will be observed that : 
overload occurs first in the 3rd stage and limits the range of distor- || 
tionless control. In the case of standard output the overload at the 
3rd stage occurs when s, equals 60 and the input voltage equals 0.05 : 
volt. The corresponding range of control is 5000x. For 10x output, , 
overload in the 3rd stage occurs when 5, equals 250 at an input voltage |: 
of 9X 107* v, corresponding to a range of control (input voltage) of | 
only 90x. The unsuitability of this method of control (i.e., common | 
grid bias) when high voltage detectors are to be operated with 24-type | 
tetrodes is thus apparent. The method was more satisfactory when . 
small-signal square-law detectors were employed because the voltages ! 
involved were lower. | 
The advantage of a graduated bias control, in which the 3rd stage : 
is not controlled and the first and second stages are controlled by a : 
common bias, is brought out in Fig. 5. The other conditions here . 
ате identical with those contemplated in Fig. 4. In the case of stand- ` 
ard output the 15% stage reaches overload first at point А for sm=6 ` 
micromhos and an input voltage of 0.3 volt. The range of control ||| 
is 30,000x. At 10x output, overload is reached simultaneously in the ` 
first two stages at point B. Since the modulation distortion curve ‘ 
is vertical in this region the maximum input voltage for 20 рег cent `$ 
distortion is about the same for 10x as for normal output. This is | 
enormously greater than in the case of common bias illustrated in 1 
Fig. 4, where the range was only 90x. It will be seen that the best. i 
graduation of bias depends in general upon the level of voltage at 
which the detector is to operate, and upon the distortion contour of | 
the tube. A further graduation of bias between stages 1 and 2 gen- ||| 
erally results in an additional improvement. У 
It should be pointed out that the representation of the stage input ^ 
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"i roltages in the preceding diagrams by straight lines assumes that the 
'iransconductance is independent of the voltage. In the range of volt- 


“liges over which the input-output relations are nonlinear (see Fig. 2) 
у “Hihis is not strictly true, and curved lines would be required in a per- 


" ch 


blectly accurate representation. 
И С 9 Я ` 5 
i| We may digress for а moment to consider how nonlinearity in the 
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Fig. 5—Control analysis for graduated bias control; stage 3 uncontrolled; 
\ stages 1 and 2 controlled by common bias. Other conditions identical 
ЕН with Fig. 4. 


"a acteristic is such that over a useful range of voltages the variable part 
‘of the plate current сар be represented in a convergent series: 
OR 1 

i Ot» l ði, + 

|| | lp === + ete. 1 
а | ? de. 2 дер E Q) 
р И Now if e, = E, sin wt we find that effects of the Ist, 3rd, 5th . . . . orders 
‘ + contribute terms of fundamental frequency to which the tuned output 
_ | circuit of the stage is resonant. Collecting these 

i 

| дї 1 9% 1 05 

(Zen, а +. ) eos wt. (2) 
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The relation thus departs from linearity when the effectsin #,°, #,°.... 
ete., become of importance. 


т for the moment that conditions are such that most of the | 
distortion can be accounted for by the 3rd-order term. In these cir- | 


cumstances the modulation rise will be 
m Ol, E ida ES 028m 
0 


" m OE, LOE, die. dee 


approximately, for small m (degree of modulation). 


It is of interest to see what sort of 4, —e, characteristic would cor- · 


respond to a constant distortion for all values of E, (grid bias). 


Assuming control by bias variation in one tube Е, is allowed to vary | 


and the grid bias is to be adjusted to give a value of s, such that the ||, 


В І is constant. That is 


= I ИЖ: (4) 1 
Substituting this in (3) we have to solve the equation 
|. 025 
— = k = const. (5) 
Sm? Oe,” 


A general solution under the condition that д5„/де,=0 when s,,=0 is 4 


2 ла 


К Co — 5 


in = 


where eg is a constant. The form of this function is obvious. It differs = 


considerably from that of ordinary tubes. 


II. Tue PROBLEM or Cross-TALK 


The term cross-talk is employed here to designate that species of 
interference which originates in the r-f amplifier tubes by modulation 


between two or more signals. These modulation effects depend upon 4 


the higher-order curvature parameters of the tube and are to that ex- 
tent related to the problem of distortion which has just been discussed. 
It is to be expected, therefore, that characteristics and applied voltage 
amplitudes which conduce to distortion will be commensurably 
troublesome from the viewpoint of cross-talk and any improvement 
which can be effected in a tube to reduce distortion will also reduce 
a large part of the cross-talk. 

There are several kinds of cross-talk, of various degrees of practical 
importance. For our present purposes we shall distinguish between 
two main classes. 
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| In the first class (Class A) we shall include effects due to beating 
loetween two signals whose frequencies differ from each other and from 


„аф to which the the receiver is tuned. Examples of this are the cases 


where signal frequencies f; and fs form combination frequencies of 
at fa within the tuning range of the receiver. Combinations of harm- 
ipnies also occur. Effects of the fı +f: type are due to even-order effects 
on the tube, and depend mainly on the second derivative of the tube 
sharacteristic. Since distortion is not influenced by this derivative, 

«(except when the effect of the external load is important) this type 
Jof cross-talk is not directly related to the production of distortion. 
(Nevertheless it is found experimentally that the measures which we 
‘have found effective in reducing the third and other derivatives and 
изо shape the characteristic as to reduce distortion generally reduce 
ге second derivative and combination cross-talk also. 
| Ја a second class (Class B) we shall include cross-talk which is 
heard in circumstances of the following type.. The recciver is tuned 
tto a signal, which we shall call the desired signal. А second signal, 
tealled the extra signal, of different frequency, is also present at the 
гртіа of the first tube. We shall also suppose that the selectivity of 
; the receiver and the frequency difference between the signals are such 
Газ to exclude the possibility of the extra signal being heard by simple 
p interference in the absence of the desired signal. If the desired signal 
+ be modulated both signals are head simultaneously; if unmodulated 
| the extra signal is heard. 

This type of cross-talk depends mainly upon the third-order de- 
t rivative of the tube characteristic, that is, upon the same derivative 
| that causes distortion. А sufficiently good mathematical theory, ac- 
: counting for the more important experimental facts, can be developed 
( by a method previously employed in developing а theory of high 
© voltage detection.’ 

For facility of expression we shall employ a term,called the cross- 


| p talk factor, which is defined as the ratio of the audio output due to 
F cross-talk to that due to the desired signal. In many cases it will be 


ed 


| convenient to specify further that the modulations of the two signals 
|| are equal. Such a factor should be found useful as an additional index 
| of receiver performance. 

| Consider the simplified case where the desired and extra signals 


Desired signal: е = Ei cos wit (7) 
Extra signal: ез = Е.(1 + ma sin at) cos wet. (8) 


* P. 1161 of footnote 3, 
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The mathematical theory ean be developed along the lines of the 
following physical picture. { 

Fig. 6 represents the relation between the amplitude of the rf) 
output current of the tube and the grid bias with the desired signal (7). | } 
impressed on the grid. This relation is derivable from the input-output : 
data of Fig. 2 and is in general nonlinear. We shall now regard thé? 
extra signal (8) as varying the grid voltage about the point E, which: 
represents the grid bias. In order that the output of the tube shall be! 


ndis одма. 


Hn 
audible after detection, it should be of the modulated signal type, that. | " 
is, it should contain terms of the general form J 

1 

E(t)E, cos wit | (0) | 


voltage H(t) to the grid. This is a familiar type of modulation, de-1 ilr 
pending mainly on the slope of the relation shownin Fig. 6, and occurs : i 
in a-c operated receivers as “hum in the presence of carrier” when | 
hum voltages are inadvertently present in the grid or screen- -grid | 
circuits. An output of type (9) is also produced by a voltage of the ! 
type of the extra signal (8) when the relation shown in Fig. 6 is non- і 
linear. This is the origin of Class В cross-talk. i 

This viewpoint may be put in mathematical form by employing | 
the power series representation of the tube characteristic, given in (1), : 
neglecting external impedances in the plate circuit. Inserting the signal | 
voltages (7) and (8), 


in (1) and expanding we have 


б = ез + Е; cos wit, (10) : 
tp = Dilez + Ei cos wit) + Dele + 2e5E, cos ом + Ej? cos? wt) 
ЮК ans (703 
where D, = 1/n! д", /де,". | 


Now collecting coefficients of е» à 


2р = ПЕ; cos wit + 3 DE, cos wt oe KA ^ | 
+ eDi + 2DF, sin ом + 3D,E? sin ost +...) (12) | 

+ e3(Ds+---)+... | 

| 

| 


In type B cross-talk we are interested only in the part of the plate 
current of frequency w. Collecting these terms 


агт: и 
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б ‘ithe physical significance of this formulation may be br ought out by 
; observing that this is precisely the form of expression we would 
‘have obtained by starting with the characteristic shown in Fig. 6 and 
| eveloping it in a power series in the grid voltage. The coefficients 
4n (13) should thus be equal to the successive differential derivatives 
i ы (2), which is the power series representation of the Fig. 6 relation. 
1 This will be seen to be true by differentiating (2). A more accurate 
'fimethod, of course, consists in starting with the experimentally de- 
a termined relation of Fig. 6, and developing it in a power series in the 
омета voltage. 
Now let us further develop (13) by substituting the value of es, 
‘the extra signal, (8). Terms in e2, ex, etc., will yield output currents 
“of the type (9). Collecting terms of this ча we have 


; 3 Е} 
tp = (( Же. ems ) += (зо, 


15 
+ mo Te ya + 2m. sin at + mè sin? at) (14) 


+ tS |. cos wt. 


г Neglect the term in sin?at if m is small. It will be seen that (14) is 
| of the form of a standard modulated signal of the type 1571, (1--m 
i sin at) cos wt. 

Retaining the first terms only we have approximately 


ју | : Е? 9, 
| i, = SmBi( 1 + — — sin at | cos wt (15) 
Оба Of, 


TUR 5 = 01,/де, = the transconductance. The audio output after 
T detection of such a signal by a square-law detector will be propor- 


y 
| 
А 
{ 
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tional to 
| 
SmE Ето 9% 
| Ге ae JA ( 1 6) 
2 де 
e The eross-talk faetor can be computed by assuming the desired 
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signal to be modulated to the same degree of modulation. Then the 
ratio of cross-talk output to desired output at the detector will be 
E? 9%, 


Cross-talk factor = —— 
28m дер 


(17) 


The third-derivative of the tube characteristic again appears as a | 
conspicuous cause of cross-talk of the type under consideration. It is | 
interesting to note that to the order of approximation represented by | 
this equation the cross-talk varies as the square of the extra signal 
and is independent of the desired signal voltage per se, except in so 2 
far as this determines the point of the characteristic and values of sm, | 
ete., at which operation takes place. 


EXTRA. Stenar: ej E (11 топа ) os uit 
DESIRED + е, Е, cos wt 


AMPLITUDE OF A-C PLATE CURRENT 


EXTRA SIGNAL 


Fig. 6—Illustrating the production of Class B cross-talk. Heavy curve represents 
the relation between amplitude of plate current of desired-signal frequency 
and grid bias, with the desired signal impressed on the grid. 


The similarity of the above expression to that for the distortion (3) 
may be noticed. The same tube parameters are involved and the cross- 
talk varies with the extra signal in the same way that distortion varies 
with the input voltage. 

Turning now to the experimental aspects, Fig. 7 shows the relation 
between the cross-talk factor for an average 24 tetrode (dotted 
curves) and the new type 551 tetrode (solid curves) and the input 
voltage at a fixed output voltage level, and for several fixed values of 
extra signal. The modulations of the two signals were the same 
(30 per cent). The output voltage level was such that 1000 microvolts 
were required at normal bias (—3 v; за = 1000 micromhos) to produce 


utt] 
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i: $ A sufficient attenuation between this stage and the one follow- 
* Ing it was used to avoid any cross-talk effects in the second stage. 
The desired signal frequency was 1000 ke and that of the extra signal 
{мав 900 ke. This frequency difference was not critical at the value 
employed, but was sufficient to preclude direct interference on the one 
„зап, and combination cross-talk of Class A on the other. Both 
ha desired and extra signals were applied directly to the grid of the tube. 
„The measurement procedure was as follows: The desired signal, 
| modulated at 30 per cent, was set at 10-3 volts with a bias on the tube 
| 


"а corresponding to a transconductance of 1000, and the amplifier ad- 
. |justed for a standard, or fiducial, audio-voltage output. The modulated 
desired signal was then set at a desired value and the bias of the tube 


= 
с> 


CROSS-TALKW FACTOR (Ж) 
= 


мошт5 RMS) + 


г 
о 
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| 


| Fig. 7—Experimental curves showing cross-talk production in 24 and 551 te- 
| trodes. Constant output maintained, corresponding to 0.001 volt desired 
| signal at -3-volt bias. 
| 


| | adjusted for fiducial output. The modulation of this signal was then 
- | removed (leaving the carrier), and the modulated extra signal was then. 
superposed. The audio output, corresponding to the cross-talk, is 
then noted and expressed as a percentage of the fiducial audio output, 
which is taken as 100 per cent. 

These experimental curves confirm (17) in so far as it predicts a 
‚| variation of cross-talk with the square of the extra signal voltage at a 
given operation point. The existence of a maximum at high desired 
signal voltages may be accounted for by the increase in modulation 
| distortion and effective sm which would produce an abnormal direct out- 
put of the desired signal, thus lowering the measured cross-talk factor. 
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The effect of changing the output level in the case of the 24 tube: 
is also shown in Fig. 7, the extra signal being maintained at 0.4 volt. 
Two extra curves are shown for outputs corresponding to input volt-; 
ages of 1072, 10-1 volts at —3-volt bias. The curves are roughly simi- | 
lar in shape and start up at points on the desired signal axis which | 
are multiples of 10, or roughly at points at which the bias is so adjusted. 
that the transconducance is the same. This confirms the approximate’) 
independence at low voltages of the variation of cross-talk with re- || 
spect to the desired signal voltage which is expressed in (17). This. 
independence does not persist at high desired signal voltages, as the; 
drooping of the maxima with increasing voltage shows. 


> 


EXTRA SIGNAL VOLTAGE 


1000 


5 = TRANSCONDUCTANCE (mho) 


Fig. 8— Diagram Showing relation between tube transconductance, produced by 
grid bias variation, and maximum voltage of interfering signal for various 
percentages of cross-talk. 


For cross-talk analysis in a multistage amplifier we bave em- 
ployed a graphical method similar to that used for distortion analysis 
which was illustrated in Figs. 4 and 5. This is based on the fact that 3 
the cross-talk is approximately independent of the desired signal volt- 4 
age. The basis of the method is а contour curve for the tube which ` 
shows the relation between the extra signal voltage which has to be : 
applied to the grid to attain a given percentage of cross-talk, and the - 
operating point on the characteristic, as represented by the transcon- 5 
ductance at that point. A typical set of such contours is shown in | 
Fig. 8. The solid curves represent 10 per cent cross-talk for a type 24 


m 
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i; tube and a type 551 tube. Several other contours are given for the 24 
i: of 1, 5, 20, and 40 per cent. The desired signal voltage varied from 
| 107 at за = 1000 to 1 volt at 5, =1. To avoid confusion only the curve 
‘6 for 20 per cent cross-talk is given for the 551 tube; the positions of the 
Y contours for other values are easily found by applying the square-law 
di relationship whose approximate validity appears from the curves for 
Е the 24 tube. 

The reduction in cross-talk at higher desired signal voltages which 
© has been achieved in the type 551 tube will be seen to be considerable. 
5 At за = 2.5 micromhos, for example, the ratio of extra signal voltage 
у for 10 per cent cross-talk amounts to about 23 to 1. This means that 


“= 


: be only 1/500th of that for the 24 type. 

Figs. 7 and 8 bring out the important fact that for reduction of 
^ cross-talk attention must be paid to the tube parameters at large 
© transconductance (low negative bias), whereas in the case of distortion 
the control diagrams of Figs. 4 and 5 show that their proper adjust- 
ment at lower values of s, is of more importance. 

Such limiting curves resemble very closely those which represent 
} the relation between input voltage for a given distortion and transcon- 
+ ductance (See Figs. 4, 5, and 16). 

A typical cross-talk analysis diagram is shown in Fig. 9. The case 
} considered is a 3-stage amplifier controlled by common variable con- 
і trol-grid bias in stages 1 and 2. The maximum amplification per stage 
i is 40x andis attained at а grid bias corresponding to a transconduct- 
i ance of 1000 micromhos in the tubes. At the right-hand part of 
| 
| 


i rte 


"^ 


the diagram are plotted the cross-talk contours from Fig. 8. The out- 
put level (2.5 watts) corresponded to 10-? volts at the grid of the 
first tube at 30 per cent modulation. The desired signal voltages are 
show by solid line 1. The extra signal voltages at the 2nd grid are 
: based on the following assumptions: 
i (1) That the frequency difference between the signals is 20 ke; 

(2) that the selectivity of the two tuned circuits beyond the 2nd grid 
| is such that а transmission of 0.5 is obtained for the extra signal; 

(3) that the attenuation in the tuned circuit between the Ist and 2nd 
, Stages provides a transmission of 0.2 for the extra signal. 

The lines 3, 4, and 5 represent the voltages at grid 2 for extra 
signals of 0.1, 0.2, and 0.5 volt at the 1st grid. 

Consider the cross-talk in the first tube (24) with an extra signal 
Е. of 0.2 volt. As the desired signal E; increases cross-talk of 1 per cent 
is reached at point A at which point the desired signal reaches 0.03 


r and represent, the extra signal voltages required for cross-talk factors - 
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The effect of changing the output level in the case of the 24 tube: с 
is also shown in Fig. 7, the extra signal being maintained at 0.4 volt. 
Two extra curves are shown for outputs corresponding to input volt- || 
ages of 107, 10-1 volts at —3-volt bias. The curves are roughly simi- ||- 
lar in shape and start up at points on the desired signal axis which `} 
are multiples of 10, or roughly at points at which the bias is so adjusted - ||): 
that the transconducance is the same. This confirms the approximate 1t 
independence at low voltages of the variation of cross-talk with re- || 
spect to the desired signal voltage which is expressed in (17). This ji 
independence does not persist at high desired signal voltages, as the ‘jj 
drooping of the maxima with increasing voltage shows. 
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Fig. 5— Diagram Showing relation between tube transconductance, produced by 
grid bias variation, and maximum voltage of interfering signal for various 
percentages of cross-talk. 


For cross-talk analysis in a multistage amplifier we have em- 
ployed a graphical method similar to that used for distortion analysis 
which was illustrated in Figs. 4 and 5. This is based on the fact that 
the cross-talk is approximately independent of the desired signal volt- 
age. The basis of the method is a contour curve for the tube which 
shows the relation between the extra signal voltage which has to be 
applied to the grid to attain a given percentage of cross-talk, and the 
operating point on the characteristic, as represented by the transcon- 
ductance at that point. A typical set of such contours is shown in 
Fig. 8. The solid curves represent 10 per cent cross-talk for a type 24 
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1 tube and a type 551 tube. Several other contours are given for the 24 


and represent the extra signal voltages required for cross-talk factors - 
of 1, 5, 20, and 40 per cent. The desired signal voltage varied from 
10~ at à, = 1000 to 1 volt at 5, =1. To avoid confusion only the curve 
for 20 per cent cross-talk is given for the 551 tube; the positions of the 
contours for other values arc easily found by applying the square-law 
relationship whose approximate validity appears from the curves for 
the 24 tube. 

The reduction in cross-talk at higher desired signal voltages which 
has been achieved in the type 551 tube will be seen to he considerable, 
At 5, = 2.5 micromhos, for example, the ratio of extra signal voltage 
for 10 per cent cross-talk amounts to about 23 to 1. This means that 
with a given extra signal voltage the cross-talk for the type 551 will 
ће only 1/500th of that for the 24 type. 

Figs. 7 and S bring out the important fact that for reduction of 
cross-talk attention must be paid to the tube parameters at large 
transconductance (low negative bias), whereas in the case of distortion 
the control diagrams of Figs. 4 and 5 show that their proper adjust- 
ment at lower values of s, is of more importance. 

Such limiting curves resemble very closely those whieh represent 
the relation between input voltage for a given distortion and transcon- 
ductance (See Figs. 4, 5, and 16). 

Atypical cross-talk analysis diagram is shown in Vig. 9. The case 
considered is a 3-stage amplifier controlled by common variable con- 
trol-grid bias in stages 1 and 2. The maximum amplification per stage 
is 40x and is attained at a grid bias corresponding to a transconduct- 
ance of 1000 micromhos in the tubes. At the right-hand part of 
the diagram are plotted the cross-talk contours from Fig. 8. The out- 
put level (2.5 watts) corresponded to 107° volts at the grid of the 
first tube at 30 per cent modulation. The desired signal voltages are 
show by solid line 1. The extra signal voltages at the 2nd grid are 
based on the following assumptions: 

(1) That the frequency difference between the signals is 20 ke; 
(2) that the selectivity of the two tuned circuits beyond the 2nd grid 
is such that a transmission of 0.5 is obtained for the extra signal: 
(3) that the attenuation in the tuned circuit between the Ist and 2nd 
stages provides a transmission of 0.2 for the extra signal. 

The lines 3, 4, and 5 represent the voltages at grid 2 for extra 
signals of 0.1, 0.2, and 0.5 volt at the Ist grid. 

Consider the cross-talk in the first tube (24) with an extra signal 
Е. of 0.2 volt. As the desired signal E; increases cross-talk of 1 per cent 
is reached at point A at which point the desired signal reaches 0.03 


2118 Ballantine and Snow: Reduction of Distortion 


volt. As E, further increases the cross-talk increases to about 5 per í 


-cent. In the second tube cross-talk of 1 per cent is reached at point B 


for a desired signal voltage even smaller than 0.03 volt, i.e., at Fi 4 


about 0.01 volt. This increases to about 2.5 per cent at point С at 


10-1 volt and this is followed by a decline. These variations in the ` 


cross-talk in the two stages are shown by the heavy curves at the 
bottom of the figure. It will be seen that under certain conditions the 
second stage of the amplifier produces more cross-talk than the first 
stage and its contribution is often of importance. It is also apparent 


that the cross-talk in the first stage increases more slowly when the · 
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Fig. 9—Cross-talk analysis in 3-stage amplifier. Lower part of the diagram 
shows cross-talk contributed by Ist and 2nd stages. Volume controlled by 
common bias on first two tubes. 

first two tubes are controlled than when only one is controlled (Cf 

Fig. 7). 'This results in less cross-talk at high desired signal voltages 

because of the bending over of the cross-talk curve by the effect of 

modulation distortion. This example will sufficiently illustrate the 
use of this method in determining the cross-talk contributions of the 
several stages under various types of control. 

Before leaving this subject a few words may be said about the prac- 
tical aspects of this problem in radio receiver design. In order to study 
the effect in the tube we have postulated certain voltage amplitudes 
due to the desired and extra signals at the grid terminals. In a prac- 
tical receiver at least one tuned (antenna coupling) circuit would pre- 
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“уведе the first tube, so that the selectivity of this circuit may be relied 


fapon to a certain extent to attenuate the extra signal. It is found, 


‘however, that in practical installations this is not adequate. To 


Rachieve further reduction a number of receiver designers have had 
jirecourse to a double tuned cicuit, or double preselector. By virtue of 
ће second-order relationship between cross-talk and extra signal 
hvoltage which has been found to hold over a wide range of voltages 
Git may be expected that a double presclector, giving approximately 
Ugcometrical selectivity, will be 7? more effective than a single resonant 
ljeireuit (T = transmission for the interfering signal). For example, if 
the selectivity of a single circuit is such as to give a transmission of 
0.25 at a frequency difference of 20 ke, the reduction in cross-talk with 
iitwo such circuits over that of a single circuit will be of the order of 
£16 times. 
| Тһе use of such а double-resonant antenna coupling circuit is, 
> however, attended by several disadvantages. The transmission at 
resonance is reduced over that, of a single circuit, with the result that 
lithe sensitivity is impaired and the fluctuation® noise-signal ratio is 
iincreased. It is more ceonomical to employ the tuned circuit in the 
radio amplifier because of the fact that, when it is used in the antenna 
*eoupling system an untuned stage generally has to be employed to 
restore the sensitivity. In the superhetrodyne employing an inter- 
| mediate frequency of an order of 200ke a certain minimum preselection 
| before the first detector is necessary to reduce “image response:" 
i but here also from the viewpoint of fluctuation noisc-signal ratio, 
‘the additional tuned circuit is better located in the carrier-frequency 
i amplifier than in front of it. In low-priced receivers of the “midget 
; variety," which have lately come into vogue, and in which economy is 
paramount, the use of an extra tuned circuit for this purpose is quite 
? undesirable. 
The 551 tube not only renders unnecessary the use of double pre- 
t selectors of this type but in most circumstances is considerably more 
l"efficacious in reducing cross-talk. This will be apparent from the ex- 
t perimental data which have been presented above. Over a large range 
` of signal voltages (see Figs. 7, S, and 9) the cross-talk in the 551 tube 
tis of the order of 1/100th to 1/500th that of the ordinary 24 tube. 
` In order to obtain this same improvement with 24 tubes by means of 
г a preselector comprising a chain of resonant circuits of normal selec- 


1 tivity, with an extra signal 20 Ке from the desired signal, at least three 


‚ €F. B. Llewellyn, Proc. Г. В. E., 18, 243; February, 1930. Stuart Ballan- 
tine, Contributions from the R.F.L., No. 21; Proc. I. В. E., 18, 1377; August, 
1930. P. О. Farnham and А. W. Barber, Contributions from the Е. F. L., No. 20; 


. 5 Proc. I. R. E., 18, 1338; August, 1930. 
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tuned circuits would be required; or to achieve the same reduction || 
with a preselector comprising two tuned circuits, a frequency displace- . | 
ment amounting to 100 ke would be required. Comparative tests "i 
between receivers employing biresonant preselectors and ordinary | 


tetrodes and receivers employing but one tuned antenna coupling || 


circuit (and in one or two cases, none) and equipped with 551 tetrodes H 
have been made in many localities where cross-talk is particularly | 
troublesome and have added practical confirmation under actual 

operating conditions. 5 


III. DESCRIPTION AND CHARACTERISTICS OF TYPE 
550 AND 551 TETRODES 


Our solution of the problems of distortion and cross-talk in vacuum ||| 


tubes consists essentially in reshaping the plate current-grid bias char- | 
acteristic in such a way as to minimize the higher-order curvature, | 
particularly at points where the transconductance is low. Of the many | 
experimental tubes which have been tested in the course of this de- 


velopment two have been selected for commercial production and have || 


been designated as Types 550 and 551. Both tubes are designed to 
operate at the same plate and screen voltages as the ordinary 24 type. 
Their characteristics, such as plate resistance and transconductance, 
are the same at normal operating voltages as those of ordinary. tet- 
rodes of present commercial types. 

The Type 550 tube is capable of handling an input voltage of 
approximately 15 with less than 20 per cent modulation rise, or about 
50 times that of the standard 24 type; the Type 551 tube is capable 
of handling 7 volts, or 25 times that of the 24 type. Both tubes are 
fundamentally of the shielded tetrode type, although the principle by 
which the reduction of distortion has been achieved can be applied 
equally well to triodes and other types of structure. This principle 
may be explained as follows: 

Fig. 10 shows the grid-plate transfer characteristic of an ordinary 
tetrode of the 24 type. To raise the input voltage at which distortion 
appears the design could be changed so as to decrease the mu-factor 
of the tube, thus spreading out the range of grid voltages and obtaining 
a characteristic of the type shown at (A). This, however, entails a 
sacrifice in transconductance, and amplification, at the initial bias 
if the plate current at this point is adjusted to the same value. If the 
transconductance at the initial bias is to be maintained at the same 
value instead, then an increase in plate current must be tolerated as 
shown by the characteristic (B). 

A way out of this difficulty is illustrated in Fig. 11. The amplifier 
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| sereater number of tubes, of properly graduated mu’s may also be 
* tamployed. The effective 1, —е, characteristics of tubes A and В are 


H 
ah oi 


NORMAL BIAS 


PLATE CURRENT 
PLATE CURRENT 


- GRID VOLTAGE о — GRID VOLTAGE о 
(а) to) 


4 a Fig. 10—Showing (a) decreasing transconductance and (b) increasing plate 
| бш accompaning attempts to decrease distortion by decreasing the 
mu-factor. 


В 
3: suggested by the dotted lines in Fig. 11b and their combined effect by 
а. 1 the solid line. The high-mu tube A yields high amplification, but can 
| handle only small input voltages; the low-mu tube В yields low ampli- 
‚ ) fication but can handle high input voltages. | In combination the two 


Tren 


PLATE CURRENT 


GRID VOLTAGE 
(a) (5) 
Fig. 11—Method of decreasing distortion and cross-talk. 


ES. S 
mgt ee — 


+ tubes complement each other to produce a characteristic of the desired 
t| type. At low biases, where amplification is required and the applied 
^?! voltages are low, both tubes are active, but due to its higher transeon- - 
;3 ductance, most of the amplification is produced by A. As the bias 
1 | increases negatively tube A is automatically cut off and the operation 
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is gradually shifted to tube B, which is capable of handling the i increas-^ | ul 
ing input voltages. The arrangement may be regar ded as one in which : | he 
the mu-factor decreases continuously as the grid bias increases пера-+ ERE 
tively to keep step with the increasing input voltage. The resulting. | 
iy—e, characteristic (Fig. 11b) resembles that of ordinary tubes at”: 
low negative grid bias, but is extended, or “tailed” at the higher grid.) 
biases. 
For reasons of economy it is desirable to incorporate this principle | 4 


Fig. 12—Structure of tetrode of variable-mu type. 


in a single tube structure. One way of accomplishing this is shown in | 
Fig. 12, as applied to a shielded tetrode with an equipotential cathode. 
The control-grid is divided into two sections which are mounted with || 
a gap between them. At low negative biases the entire cathode is | 
operative and the tube has about the same characteristics it would 
have if the gap were not present; as the grid bias increases negatively 
the electron current through the upper and lower parts of the control- || 
grid are cut off leaving a low-mu control through the gap. At these | 
bias voltages the tube acts as if the upper and lower sections of the con- - 


| 

|| Е 
fo 
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3 /irol-grid were formed of solid metal and controlled the current through 
i the gap in the ordinary manner. Gaps may also be placed at the ends 
* } if the cathode (See Fig. 135) instead of in the middle. 

ы | Some of the other structural embodiments of this principle which 
Н ауе been contemplated and tested are shown in Fig. 13. (a), (b), 
si с), and (d) show electrodes of variable diameter; (e) and (f) show 
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Fig. 13—Illustrating several types of variable-mu tube structure. 


} 


jpathodes in tilted and eccentric positions; (h) and (i) show control 
тів of variable pitch in structures of the tetrode and triode types; 
id) shows the mid-cathode control-grid gap of Fig. 11 applied to the 
bs (k) shows a double gap and (1) a combination of gaps and vari- 
‘able grid pich; structure (m) is a combination of variable pitch and 
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| Fig. 14—Several types of variable-mu structure. 


ü 
ki | 
у | variable sereen-grid diameter and (n) illustrates an abrupt ehange in 
, electrode diameter as contrasted with the continuously variable di- 
yameters shown in some of the other structures. All of these structures 
j| provide a tube having a mu-factor which decreases continuously with 
| | inereasing negative grid bias. | 

| Somewhat more complicated types of structure having better 


УН 
р | economy of plate current at low grid bias are shown in Fig. 14. In 
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is controlled by the relatively open or coarse section of the control grid. | 
The shield-ring S in Fig. 12 is connected to the cathode as shown at 3. 


We из = WE 
Ecg (korta) 


Fig. 15—Plate current-grid voltage characteristic of variable-mu tube showing H 
reshaped characteristic for reduction of distortion and cross-talk. 1 
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Fig.16—Transconductance-grid voltage characteristic of Types 550 and 24 tubes. ^ 


comparison. The transconductance (mutual conductance) curves for |“ 
the two types are shown in Fig. 16, as a function of the control-grid . 
bias voltage. It wil be observed that the transconductance of the : 
type 550 tube is about the same as that of the type 24 at low grid bias. | 
This result has been attained with an increase of plate current at this 


м 


lidlplate resistance, etc.), are also approximately the same as those of | 

гу: ће type 24 at this point (E, = —3 v.). ` 

} The superior volume control characteristics of the 550 tube at 
^ligh signal voltages have been shown in Figs. 4 and 5. Fig. 17 repre- 
ients the input voltage which can be applied before the modulation 
3ise reaches 20 per cent. It will be seen that the new tube is capable 
if handling input voltages approximately 50 times those which can 
је applied to the 24 type for the same distortion. An input voltage 
iM approximately 15 volts is necessary to produce 20 per cent rise in 
nodulation at s, = 15 micromhos. 
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MAX. INPUT VOLTAGE FOR 20% MOD. DISTORTION 
volts (rms) 


Sm~ TRANSCONDUCTANCE (ambos) 


ilFig. 17—Distortion limits for Types 550, 551, and 24 tubes; representing maxi- 
mum input voltage which can be applied for 20 per cent modulation rise. 


Fig. 16 shows that the grid bias required for control with the type 
(550 tube is several times as large (ca. 80 volts) as that required by the 
124 (ca. 15 volts). It many receivers the provision of such a range of 

‘bias may be inconvenient, especially in a-c operated receivers, in 
hview of the desirability of maintaining the screen-grid and plate volt- 
‘ages at their proper values with respect to the cathode. In broadcast 
"."receiver operation, the number of localities in which voltages as high 
. tas this are encountered is rather small. We have therefore designed a 
„| {second tube, designated as type 551, having characteristics inter- 
, mediate to those of the 550 and 24 types. This tube is especially 
_ ‘suitable for use in radio broadcast receivers. Its structure is some- 


i "what simpler than that of the 550 type. Approximately 25-30 volts 


dmt ne 
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grid bias are required for full control (i.e., control for earrier voltages | 
up to the distortion point ) as compared with 80 volts for the type 550.' 


15 


ЕА 


This is easily provided. | Att 

The distortion characteristics of the Type 551 tube are shown |||. 
in Figs. 4 and 5. Fig. 17 shows the input voltage required to produce; 7 
20 per cent modulation rise. A maximum of 7 r-f volts can be applied; " 
at s,—15. The control diagram of Fig. 5 is of interest as indicating и 


bias control of the first two stages. 
The cross-talk characteristics of the 551 tube have already been: 
discussed and are shown in Figs. 7 and 8. i 
A comparative summary of the important characteristics of the: 
types 550, 551, and 24 tubes is given in the following table: 


In each case the values are the averages obtained from a large number 
of tubes of regular commercial production. 

This tabulation indicates the interchangeability of the 551 tube 
with the present 24 types in the radio-amplifier stages of a broadcast | 
receiver. The only change necessary is an increase of the range of | 
control-grid bias from about 15 to 30 volts. The ordinary method of 
inserting the grid bias in series with the cathode may be retained. ` 

This tube is therefore not a “new tube” in the sense that it requires : 
substantial readjustment of present types of receivers. It will make 
possible, in future receivers of both the ordinary and superhetrodyne | 
types, a number of important economies not realizable heretofore on 4 
account of the necessity of protecting the present tubes from high } 
voltage amplitudes and interfering signals. One of its important uses | 
will be in receivers employing automatic or remote volume control, | 
where it extends the range of control by a factor of 25. In such re- ` 
ceivers the use of a “Local-Distance” switch would be contrary to the | 
object of the control system. | 

| 
| 


TABLE I 
Characteristic Type 24 Type 550 Type 551 

Plate voltage recommended.............-- 180 v 180 180 
Screen voltage recommended............-- 90 90 90 1 
Normal grid bias........ lee —3 —3 —3 
Normal transconductance (micromhos)..... 1,000 1,000 1,000 | 
Normal plate resistance (ohms)....-...--- 400,000 300,000 400,000 Џ 
Normal plate current (та)... ............ 4 5.6 5.3 i 
Grid bias for Sm 210 mieromhos. .......... —13 —70 —30 in 
Max. input voltage for 20 per cent distortion. 0.3 15 7 р 
Relative cross-talk factor (тах.).......... 100% 0.5% 3% jh 
Relative cross-talk at sm 210 micromhos ... 100% none 0.12% | ё 
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M | IV. MANUFACTURING ÁSPECTS 
А 
| A sufficient number of these tubes have been manufactured during 


f 
е he past year in three. tube factories by regular production methods 
i ‘jo verify that no extra cost or new manufacturing problems are in- 
troduced, and to secure evidence of reliability and longevity of the 
““\ypecial characteristic. We were particularly anxious to check the 


"gongevity of the emission in the low-mu area, where the electron cur- 


| | 0 Q 40 ш 80 0% 


"E 


| Fig. 18— Typical results of 1000-hour life test on current 
| from low-mu area of Type 551 cathode. 


НІ 

ы premature failure of the current in this area was observed, however, 
in life tests extending to 3000 hours. A typical 1000-hour run is shown 
jin Fig. 18. This represents the current at a negative grid bias suffi- 
lieiently high to restrict the current to the area under suspicion. 

| We wish to acknowledge our indebtedness to engineers of Radio 


Frequency Laboratories for receiver tests in the field; and to the 


| Arcturus, Raytheon, and Grigsby-Grunow tube companies for собрег- 
dation in manufacturing studies. 
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Proceedings of the Institute of Radio Engineers b» 
Volume 18, Number 12 December, 198053 


HELD BY U.S. NAVY DEPARTMENT, 
DECEMBER 3-4, 1929* 


the Government, of various radio manufacturers, and scientists | 
interested in radio, was convened on December 3rd, 1929," 
in Washington under the auspices of the Bureau of Engineering, Navy 
Department, to discuss methods of obtaining accurate radio-frequency + 
emissions from Naval radio transmitters by the use of piezo- electric, 
crystals. t : 
It was pointed out that accuracy of emitted frequency in Naval: 
radio transmitters is not only required to reduce interference with: 
stations operated by other organizations, but also to obtain reliability | 
and speed in communications within an organization, the various units: 
of which are assigned the same frequency. The latter is a phase of the: 
general problem of radio communications which is more particularly: 
applicable to Naval communications and the demands are more severe} 
than in commercial radio service. 
For the purpose of bringing about a uniform understanding among! 
the conferees, representatives of the Naval Research Laboratory offered 
for discussion: 


\ CONFERENCE of representatives of various departments of г 


iate 


Li aci pleco анньа 


(a) A resumé of the crystallography and piezo-electricity of А | 

(b) A description of the methods of cutting and testing quartz; 
used at the Naval Research Laboratory. 

(c) An account of the experience and practices of the laboratory? 
relative to the two principal “cuts” used in the art. 


* Decimal classification: R060. Original manuscript received by the; 
Institute July 23, 1930. 

і Those present were: Rear Admiral H. E. Yarnell, USN, Captain A. I. | 
Bass, USN, Commander E. С. Raguet, USN, Lt. Comdr. 8. D. ‘McCaughey, 3 
USN, Lt. Comdr. T. A. M. Craven, USN, Lieut. Н. С. Rodd, USN, Lieut. W. В. 
Goggins, USN, Lieut. J. B. Dow, USN, H. Graf, а. W. Kelley, and J. W. 
Wright of the "Вит. of Engineering, Navy Dot · Comdr. Chas. Н. Maddox, 
USN, Lt. Comdr, H. Е. Fischer, USN, and ЗЕ. E. Stone, USN, of ОМС" 
Office, Navy Dept.; Captain C. C. Cole, USMC, Capt. J. H. Gardner, USA,.; 
W. W. Reynolds, W. W. Ostein, Coast Guard; С. w Hansell, RCA; V. М: | 
Lucas, Р. D. Andrews, I. Е. Byrnes, A. L. Ellis of G. E Co.; К. C. Hitchcock, E 
J. B. Coleman, C. M. "Hobart, D. G. Little of W.E.M. Co.; L. E. Whittemore; 
А.Т. & T. O6.; Е. R. Lack and E. L. Nelson; Bell Tel. Labs.; Dr. К. S. Van || 
Dyke, Dr. W. С. Cady, Wesleyan Une W. E. Downey, Commerce;.! 
Dr. E. D. Tillyer, Amer. Optical Co.; J. K Clapp and J. W. Horton, General: 
‘Radio Co.; Dr. C. B. Jolliffe, R. B. Wright, Bur. of Standards; Comdr. M. А. 
Libbey, USN Lt. Comdr. A. D. Douglas, USN, Dr. А. Н. Taylor, Dr. Г. P. 
Wheeler, Dr. L. H. Dawson, C. B. Mirick, L. A. Gebhard, R. B. Owens, J. E: 
Leahy, L. C. Young of N.R.L.; C. C. Kolster, I. L. Weston, L. C. Herndon, 
G. E. Sterling, A. Batcheler, and C. T. Manning of Dept. of Commerce. 
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| It is unnecessary in this place to repeat the matter presented under 
Jii Ha) since more adequate descriptions of these topics are easily acces- 
vible in the literature on the subject. It was pointed out that there 
3s considerable discrepancy in the literature in matters of terminology 
iind the hope was expressed that this conference would come to some 
м [igreement as to nomenclature in at least some of the instances. 
The matter presented under (b) may be summarized as follows: 
моћ crystal as shown in the idealized drawing Fig. 1 is first mounted 
E | vith the Z or optic axis horizontal. This is determined by so mounting 


4 
1 


|| 
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* 


2 
QUARTZ CRYSTAL 
Fig. 1 


d tthe crystal that gang-saw blades will pass through the crystal in a 
" plane determined by the “growth” lines which are usually found upon 
” ithe faces of the crystal. Upon completion of this operation we have 
! yhexagonal slabs such as are shown in Figs. 2 and 3. These slabs are 
^ (then examined under the polariscope for twinning and to determine 
Wu ihow nearly the faces of the slabs are perpendicular to the optic axis.” 
« "They are then again mounted under gang-saws so that slabs such as 
| those shown in the shaded portions of Figs. 2 and 3 are cut out. If 
: | 1 See e.g., Sosman, The Properties of Silica, Chem. Cat. Co., 1927. 


И А detailed description of these operations and of the polariscope used 
will be found in an article by Dawson, Jour. Opt. Soc. Amer., 13, 517, 1926. 
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the slabs are mounted so as to yield the cut shown in Fig. 2, we ћауе 
БҮ 


3 


whatis known variously as the “zero degree,” the “face perpendicular," | 


30° ANGLE 
ОР Y CUT 
Fig. 3 


А “ > 3 
or the “Curie” cut. If they are mounted so as to yield the cut shown in || 


Fig. 3 we have what is known as the “30-deg.” or the “face parallel” | 
cut. 


La ae ene 


Piezo-Eleciric Crystal Conference 2131 


rear rant ina 


о бы 


The next operation consists in cutting these thin slabs into rectan- 
` јез of the desired size (approximately 1 inch square) after which the 
| зарез are trimmed by gang-grinding. The final machine operation 
1601181563 of gang-grinding the surfaces of the plates to the desired 
thickness. The plates are then ready for the finishing room where 
еу are hand ground to the specified frequency in a close duplicate 
dof the circuit in which they will be used in service. 
| The variations occurring in the literature as to the nomenclature 
of the two cuts was emphasized and the desirability of the conference 
reaching some agreement as to а uniform nomenclature was pointed 
lout. 
The matters presented under (с) may be summarized as follows: 


© First, although it is possible to obtain good oscillating plates of 
Neither cut from partially twinned material, the results obtained from 
а plates are so variable as to output that the Naval Research 
‘Laboratory discards all twinned material. 

Second, our experience with the cut shown in Fig. 2 shows that the 
‘constant of the material which has been known as the “meters per 
imillimeter" varies from about 103 to 107 when the circuit in which 
“the plate is used is tuned to the frequency of the standing wave system 
parallel to the X axis. When it is tuned to the standing wave system 
i parallel to the Y axis we find the meters per millimeter to vary from 
{ 110 to 118. Average values in the two cases are 104.8 and 113.5, 
trespectively. When the cut used is that shown in Fig. 3 our experience 
tis that the meters per millimeter range from 130 to 175 with a mean 
i value of approximately 153. It was pointed out that a name would be 
| desirable for this important empirical constant of oscillating plates. 
116 was further pointed out that the observed variations in the value 
lof this constant are probably due to three causes: first, inaccurate 
Lorientation of the plate with reference to the crystal axes; second, 
t improper dimensioning of the plates which results in improper mechani- 
jj eal coupling between the possible standing wave systems existing in 
‚а plate; and third, the use of partially twinned material. 

Third, in the experience of the Naval Research Laboratory the 
‘temperature coefficient of frequency for the cut shown in Fig. 2 is 
"negative and in the neighborhood of from 20 to 30 parts in a million, 
* depending principally upon the kind of crystal holder used. In the 
| case of the cut shown in Fig. 3 the temperature coefficient is positive 
d and from 2 to 3 times as great in numerical magnitude as in the case 
shof the other cut. 

Fourth, it has been found at the Naval Research Laboratory that 
‘in the case of the cut shown in Fig. 2 it is possible so to dimension the 
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plates that but a single frequency exists for a considerable variation : 
in the tuning capacity of the plate circuit of the tube in connection : 
with which it is operated. If the dimensions are not proper, so- -called : 
parasitic or extra frequencies exist in the neighborhood of the desired | 
frequency, and these can easily be made effective in the circuit by || 


slight changes in the setting of the tuning condenser. The cause of · 
these extra frequencies is to be attributed to mechanical couplings | 


between the possible standing wave systems existing in the plate. 
Proper dimensioning results in bringing these different standing wave 
systems into a proper phase relation. 

It has further been the experience of the Naval Research Labora- 
tory that it is not so simple a matter to eliminate by edge-grinding 
these parasitic oscillations in the case of the 30-deg. cut shown in Fig. 3. 
The mode of vibration which results when this cut is used is much more 
complicated than in the case of the zero-degree cut and hence it is a 


more complicated matter to insure the proper phase relations between | 


the various standing wave systems. In order to be sure of freedom from 
parasitic oscillations it is the experience at this Laboratory that the 
accuracy of cutting must be such that the optic axis does not penetrate 
both surfaces of the plate. Since for a given frequency the 30-deg. 
cut is approximately two-thirds of the thickness of the zero degree 
cut it follows that a higher degree of accuracy in the orientation with 
respect to the optic axis is required in the case of the 30-deg. cut than 
in the case of the zero-degree cut. 

Fifth, it has been the experience at the Naval Research Laboratory 
that when the parasitic frequencies have been eliminated at one tem- 
perature they are liable to reappear if that temperature is very much 
altered, and that this effect is much more likely to occur in the case of 


the 30-deg. cut shown in Fig. 3 than in that of the zero-degree cut | 


shown in Fig. 2. 

The conference agreed that the foregoing expressed generally 
their understanding of the principles involved in the piezo-electric 
properties of quartz crystals, and adopted, for the purposes of the 
conference, the following terminology: 


(a) The zero-degree cut be hereafter referred to as.the X-cut and 
the 30-deg. cut be called the Y-cut (See Figs. 2 and 3). 

(b) The terms “X-waves,” *Y-waves," and “Z-waves” be applied 
to waves of whatever type, whose directions of propagation 
are parallel to the X, Y, and Z axes, respectively. Thus, for 
example, an X-wave in an X-cut plate would mean that which 
has hitherto been called the longitudinal effect vibration, or 
the thickness vibration, of a Curie-cut plate; the Y-wave in 
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| 

| 

i! 
i | ` an X-cut plate would be the same as the logitudinal vibration 

i caused by the transverse piezo-electric effect or, as it has some- 
"i times been called, the lateral vibration; and the Y-wave in 
kn | а Y-cut plate would be the new term for the thickness vibra- 
| tion for this cut. 
Ti (c) The term “wave constant" be used to designate the quantity 
wj hitherto known as the “meters per millimeter.” 


The conference next discussed standards for cuts, sizes, and shapes 
an в for piezo-electric quartz crystals used for frequency control. The Navy 
stated that its present practice is to use X-cut crystals having dimen- 
Lie of approximately one inch by a little more than one inch for 
power crystals in the band 1000 to 6000 kilocycles. The reason for 
using this size is that it appears to be best for directly controlling the 
output of a fifty-watt vacuum tube consistent with good operation 
and economical production of crystals. The particular dimensions 
thosen seem best adapted to large scale production while permitting 
ithe crystal to be edge-ground to eliminate spurious frequencies. The 
Navy has hesitated to use Y-cut crystals for this type of service because 
lof the tendency, in this type of crystal, to develop spurious frequencies, 
‚ [ава the difficulty encountered in edge-grinding to eliminate these 
‘spurious frequencies. 

The X-cut is also used by the Navy for direct and monitor control 
and for precision measuring instruments, but the dimensions are not 
standard in every case. That form of crystal known as stabilized crys- 
tal control is not approved for use in Naval transmitters. The Navy 
- | uses the direct contact type of holder. 

Statements from representatives of companies present at the 
conference indicated that the Y-cut in rectangular shapes, used in 
the air gap type of holders, was the common commercial practice. 
One company voiced the opinion that insurmountable manufacturing 
difficulties are not encountered in the production of Y-cut crystals 
| having the same length and breadth as the X-cut used in the Navy, 
and recommended loading the crystal lightly and adding the necessary 
stages of amplification to secure the required output. 

Another company stated that they used Y-cut crystals as do the 
| others but, unlike them, they use for aircraft circular or square crystals, 
‘depending on the frequency, clamped tightly between special elec- 
trodes. These electrodes are designed to leave the edge of the crystal 
| free. For high accuracy, they load the crystal lightly, as do the others, 
because the small amount of energy dissipated in a lightly loaded erys- 
tal simplifies the problem of maintaining the oscillating crystal at a 
| constant temperature. This сотрапу prefers the circular crystal plate 
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for crystals less than one to two millimeters in thickness as the pro- 
duction of such crystals is considered to be a better manufacturing 
proposition. Moreover, the circular plate, when of the Y-cut, lends 
itself to rigid clamping, for when so mounted the crystal can be clamped 


between the upper and lower electrodes with as much pressure as can. 


be applied without actually crushing the crystal. A crystal so mounted 
can withstand severe shock without changing frequency. 


The conference agreed to recommend that rectangular crystals. 


approximately one inch square be considered standard for the present 


for direct frequency control in Naval transmitters, excepting in air- 


craft. It was also agreed that it is necessary to investigate further the 
various cuts, shapes, and sizes for future use. 


It was agreed that a fixed operating temperature of 50 deg. С. 


was satisfactory. This temperature was chosen because it is higher 


than any surrounding temperature likely to be encountered and yet . 
not so high as to affect adversely the operation of the crystal or re- » 
quire too much energy to maintain the crystal compartment at this : 


temperature under average conditions. 
Certain manufacturers of broadcast transmitters preferred to 
have the temperature subject to variation in order to make the final 


adjustment of frequency by temperature control; but for Naval equip- ` 


ment, using several crystals in a single compartment, this method is 
not applicable. 

In the discussion of grinding tolerance and tests, it appeared that 
the general consensus of opinion was that specifications should require 
performance in a specified circuit rather than tests for mechanical 
tolerances. It was pointed out that an error of two degrees in deter- 
mining the optic axis or a departure from uniform thickness of only 
one ten-thousandth of an inch may lead to trouble. It was brought 
out that a factor of importance equal to any other in obtaining accurate 
frequency emissions from a transmitter was the characteristics of the 
circuit in which the crystal was placed. It was asserted that it is prac- 


tically useless to grind a crystal for one type of circuit and use it in | 
another and still to expect the emissions to be accurately on the de- | 


sired radio frequency. It was recommended, therefore, that in order 
to obtain accuracy of 0.01 per cent in the frequency of emissions it is 


essential that manufacturers of crystals for the Naval Service be pro- | 
vided with an actual physical reproduction of a Navy standard-control | 
circuit including temperature-control compartment, the associated ` 
circuit and proper provision for connecting with the first amplifier | 


stage without its associated output circuits. And, further, if uniformity 
of accuracy in results is required in an operating organization faced | 
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with communication problems such as are encountered in the Naval 
‘Service, the conference deemed it advisable to consider the adoption 
Xf a standard’ circuit for all Naval transmitters employing crystal 
sontrol, the crystal manufacturers to be furnished with a reproduction 


| The various types of crystal holders were discussed ‘and it was 
agreed not to recommend a particular holder as a standard but to 
едите all holders to be capable of being mounted and operated in 


- Naval equipment using existing mounting devices. 


In connection with the foregoing, the following was adopted by 
ithe conference: 


(a) Crystal holders for Naval aircraft frequency indicators in the 
band 545-1000 kilocycles shall be made to fit the existing type 
| of round socket. 
‚ (b) It is not necessary to specify what parts of a rough crystal 
$ should be used, nor is it necessary to specify the methods of 
| determining the useful parts of a crystal. Specifications out- 
} lining performance are more desirable. It is unwise at the 
i present time to specify either the X- or Y-cuts. Instead, there 
| should be specified a crystal in а standard holder using a tem- 
perature coefficient not to exceed 100 parts in a million, to 
be used with a thermostatic control accurate to within 0.1 of a 
degree Centigrade at 50 deg. C. There should also be specified 
tolerances in respect to frequency drift and parasitic frequen- 
cies with given variations in operating voltages, circuit tuning, 
and operating temperature, in a standard circuit when deliver- 
ing a specified voltage to the grid of the succeeding tube. 


„еж. 
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PIEZO-ELECTRIC TERMINOLOGY* 


By 
WALTER G. CADY 


(Wesleyan University, Middletown, Conn.) 


Summary—The following familiar terms are first recapitulated: direct and 
converse piezo-electric effects, longitudinal and transverse effects, longitudinal, 


transverse, flecural, and torsional vibrations. It is suggested that when the bending ©: 


of а bar or plate is involved, the term “flexural” rather than “transverse” be adopted. 

With reference to quartz crystals, the terms ‘X-cut” and " Y-cut" arerecommended 
in place of “Сите cut” and “thirty-degree cut”for plates perpendicular tothe X and Y 
axes respectively. It is suggested that the terms “ X-waves," “Y-waves У, or “Z-waves” 


be applied to waves of mechanical vibration the direction of propagation of which їз `; 


parallel to the X, Y, or Z axis respectively, whatever the mode of vibration. For the 

quantity “meters per millimeter,” the name wave-constant, to be designated by the 
symbol h, is recommended. 

Brief mention is made of the simpler types of vibration of Rochelle salt plates. 

A piezo-electric resonator is defined as any device that may be excited piezo- 


electrically into resonant vibration at one or more frequencies. In а more restricted +: 
sense the term is also applied to such a device when so connected as to exert no appre- | 
ciable controlling effect upon the applied frequency through tts reaction. A piezo- `} 


electric stabilizer controls over a narrow range the frequency of а circuit which 
already oscillates, while a piezo-electric oscillator controls the frequency of an 
oscillating circuit which in the absence of the crystal would not oscillate. The same 
crystal may of course function in any one of the three ways, depending upon circuit 


conditions. Since the distinction between a stabilizer and an oscillator lies largely in · 
the amount of regeneration, it follows that the transition from one to the other may ~ 


be gradual. 


A crystal monitor or piezo-electric monitor consists of a piezo-electric prepara- | 


tion in an independent circuit of low power (resonator, stabilizer, or oscillator), 


serving as a frequency standard to which a generator may be tuned. A piezo-electric : 


calibrator consists of a piezo-electric preparation of one or more crystals, so con- 
nected as to serve as a frequency standard for the calibration of other apparatus. 

For а plate cut with its edges parallel to the X, У, Z axes of the crystal it is 
recommended that the respective lengths of the edges be denoted by x, у, г. Or in 
general, the symbols l, b, e may be used for length, breadth, and thickness. 


The need of complete explicitness in specifying the dimensions and orientation · 
of the crysial preparation, direction of electric field, frequency, and, so far as possible, 


the mode of vibration, is emphasized. 


* Decimal classification: 537.65 X R030. Original manuscript received by 


the Institute, Septmer 3, 1930. This papér was prepared in practically its BI 


present form prior to the Conference on Crystals which was held under the aus- 
pices of the U. S. Navy in Washington, December 3 and 4, 1929. Its publication 
has been delayed in order that it might appear in the same issue of the Pro- 
CEEDINGS with the report of the Conference. (Page 2128.) It now includes 


all of the recommendations respecting terminology that were adopted at the 
Conference. : 
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Й HE AMOUNT of published material on piezo-electric estas 
УВ and their applications in radio has reached a stage where the 
Я need of greater uniformity in symbols and terminology seems 
dargent. No less urgent is the need of all possible explicitness in specify- 
ling (1) the directions of the dimensions of the crystal preparation with 
ipespect to the crystal axes, (2) the direction of the applied electric 
Hield or fields, and (3) the type of vibration and direction of wave pro- 
iipagation in the crystal so far as they are known. 

The present suggestions are offered in the hope that, whether they 

тір general acceptance ої not, they may at least serve as а step toward 
ће goal. 
и This discussion is concerned primarily with quartz crystals. 
‘Nevertheless the basicideas are applicable to any piezo-electric material. 
i At the risk of repeating what is already sufficiently familiar (al- 
lithough even here some inconsistencies occur in the literature) the 
‘following fundamental definitions will first be given. 


Pinzo-ELEectric EFFECTS 
Direct Effect, called by the Curies the “primary” effect.—Electric 


А iipolarization produced by mechanical strain, changing its sign with 


reversal of the strain. 

‚ Converse Effect, (sometimes called the а. effect) —Me- 
| chanical stress produced by the application of an electric field, chang- 
ling its sign with reversal of field. | 

| All piezo-electric crystals necessarily exhibit both the direct and 
ithe converse effect. 

Longitudinal Effect—This term is commonly applied only to those 
‘| cases where a dilatation in a given direction is accompanied by an 


t пи: 


| | electric polarization in the same direction. 


Transverse Effect—As commonly employed this term refers to a 
| dilatation at right angles to the associated electric field. 


d TYPES or MECHANICAL VIBRATIONS 


"— 


| Longitudinal Vibrations—This term may be applied either to rods 


‚ or to more extended masses in which the motion of the vibrating parti- 
(jeles is parallel to the direction of propagation of the wave, that is, 


i normal to the wave-front. This use of the word “longitudinal” has 
| nothing to do with the longitudinal effect. Vibrations of this type are 


+} also called “compressional” and “extensional.” Longitudinal vibrations 


i, may be produced in either fluids or solids. 
| Transverse Vibrations—This term is properly related to transverse 
t; (distortional) waves in the same manner in which the term “longitudi- 


| nal vibrations" is related to longitudinal waves. The vibrating particles 
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move in a direction parallel to the wave-front and normal to the direc- 


tion of propagation. Familiar examples are electromagnetic radiations, 
vibrating strings, membranes, and thin plates. 


With piezo-electric crystals transverse vibrations may occur when : 


the direction of the electric field is such that the field produces a shear- 
ing stress about some axis. If this axis is parallel to one of the principal 
dimensions of the parallelepiped, the wave propagation may be ex- 
pected to take place in a direction parallel to another of the dimensions. 
Such vibrations may also be called “shear vibrations.” 

Flexural Vibrations—These usually occur in elongated plates or 
bars and are frequently called “transverse” or “lateral” vibrations. 
In order to distinguish them from the transverse vibrations described 
above, it would seem better to use the word “flexural.” They are 


associated with a bending of the specimen in a certain plane, hence it is | 


best to refer, for example, to “flexural vibrations in the YZ plane.” 

Torsional Vibrations are those in which a relative angular displace- 
ment (shearing strain) about the axis of figure, usually a cylinder or 
prism, takes place between adjacent cross-sections. For example, we 
speak of torsional vibrations “about the X-axis.” 

From what has been said it is evident that it is ambiguous to refer 
to the “direction of vibration in a crystal,” unless the type of vibration 
is also made clear. 


CRYSTAL PREPARATIONS 


It is in general important for the proper understanding of any 
paper on piezo-electricity or its applications that the various dimen- 
sions of the preparation be clearly specified with respect to the crystal 
axes, and that the values of the dimensions be stated. Exceptions may, 
of course, be made when one of the universally recognized cuts is used 
and the dimensions of the plates are not essential. | 

If the preparation has the form of а parallelepiped (plate, rod, etc.,) 
with edges parallel to the Х, У, and Z axes of the crystal, it is suggested 
that the symbols г, y, and z be employed to denote the lengths of the 
three edges parallel to the three crystal axes, respectively.? Or for any 


? For definitions of the X, У, and 2 axes for the various crystal systems, 85 
well as for general piezo-electric data and equations, see International Critical 
Tables, New York, VI, 208, 1929. In conformity therewith (see also R. B. 
Sosman, The Properties of Silica, New York, 1927, p. 556), it is recommended 
that henceforth the term piezo-electric mudulus be applied to that coefficient, 
characteristic of the material, the product of which by a component of impressed 
electric intensity gives a mechanical stress-component; and ibat the related con- 
stants be termed the piezo-electric strain-constants. These constants are denoted 
by Voigt by e and d respectively. Although this is a reversal of Voigt’s termino- 
logy, it is consistent with English usage with respect to the elastic coefficients. 
In the case of quartz crystals, it is customary to use the symbol X for an electric 
axis, and Z for the optic axis. 
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orientation of edges the symbols 1, b, e may be used for length, breadth, 
Папа thickness, respectively. Furthermore, unless it is already suffi- 


ilciently obvious, the direction and frequency of the applied electric 


‚ “field should be made clear. 


QUARTZ CRYSTALS 

Coming now more specifically to quartz, we consider first the man- 
ner of indicating the orientation of the more common “cuts.” We have 
+o do here with flat plates, the normal to the faces of which (direction 
of thickness, e) is either parallel or perpendicular to the electric axis of 
the crystal. 

In the first case, we have the cut variously referred to in the litera- 
ture as “Curie cut,” “zero-angle cut,” “perpendicular,” or “normal” 
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cut. Owing to the evident ambiguity in the use of any of the last three, 
"| the term “Curie cut” is preferable. However, a still more concise term 
would be the “X-cut,” denoting a plate the normal to whose face, and 
„| hence for which the applied electric field, is parallel to an X-axis. 
Similarly, the term “Y-cut” would apply to the second type of 
quartz plate, which has hitherto been referred to as the “30-deg. cut” 
or “parallel cut.” The author ventures to urge that the general adop- 
tion of the terms “X-cut” and Y-cut” would at once meet the need for 
definiteness, brevity, and consistency. 

Fig. 1 illustrates the X-cut (at the right) and the Y-cut (above) 
with reference to the crystal axes. The thickness dimensions are 
ri parallel to the X- and Y-axes, respectively, while in each case the 


| „3 The use of the symbol e for thickness, first introduced by the Curies (e= 
‚| épaisseur) is preferable to f, since in some equations t may be confused with the 
„| symbol for time. 
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breadth of the plate is perpendicular to the diagram (parallel to ће: |; 
optic axis). 45 

As is well known, it is exceedingly difficult to cut quartz plates’ | 
with such precision as to avoid very complex types of vibrations, so 
that in any given case, owing partly to the effects of clastic reaction = 
and lack of uniformity of the electric field, a wild medley of both longi- ў 
tudinal and transverse waves may be present. Fortunately, the fre- 
quencies commonly employed in practice are usually found to have.: 
values in fair agreement with those calculated for one or other of el, 
the simple vibration modes. In what follows only these simple modes ^ $ 
need be considered. А 

X-Cut—The chief mode of vibration is longitudinal, in the direc- ЧЁ 
tion of the X-axis, employing the longitudinal piezo-electric effect ; the 
Y-axis, employing the transverse piezo-electric effect; or the Z-axis, = 
in which case the vibrations are produced by clastic reaction. The use ||" 
of the term “transverse vibrations” of quartz plates as applied to longi- 5 
tudinal vibrations which are “transverse” with respect to an electric ||" 
axis is inconsistent and likely to lead to serious confusion. The НЫ 
characteristic elongation of the plate through the transverse effect is : 
illustrated in Fig. 1. 

One of the most important characteristics of a piezo-electric resona- |: 
tor is that quantity known as the “meters per millimeter,” that is, the i 
number of meters of electromagnetic wavelength for the fundamental | 
mode of vibration along any dimension, divided by that dimension 
expressed in millimeters. For this quantity the term wave-constant is , 
recommended.! The term is of course applicable to resonators formed 
from any kind of crystal. It is suggested that for the wave-constant the 
symbol h be adopted. 

In order to avoid the confusion that arises from attempts at specify- 
ing modes of vibration, it is recommended that the term “X-waves,” 
“Y-waves,” or “Z-waves” be applied to waves of whatever type whose 
direction of propagation is parallel to the X, У, or 2 axis respectively.* 
For example, instead of the phrase “longitudinal vibrations of a Curie- 
cut plate in the direction of the Y-axis” we would now write “Y-waves 
in an X-cut plate." 

Y-Cui—The only mode of vibration that has received much atten- ; 
tion hitherto appears to be a shear vibration, the shearing strain 
taking place about the Z-axis, and the direction of wave propagation 4 

4 1 : 

a e a 


5 Terminology adopted at the Washington Conference. 


в According to the terminology adopted at the Washington conference, we 
therefore use the term ^Y-wave" in this case. 
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tbeing parallel to the Y-axis.9 The wave velocity, and hence the wave- 
{constant for the fundamental frequency, calculated on the assumption 
| tof shear vibrations from the accepted values of the elastic constants of 
“quartz, are in fair agreement with observation.’ In Fig. 1 the nature of 


ithe shearing strain produced in a Y-cut plate is indicated. 


RocHELLE SALT 


This crystal when in an electric field is subjected primarily only to a 
shearing stress, hence in the case of plates cut with all edges parallel to 
=the axes, shear vibrations are the type to be expected in an alternating 
field, although, through elastic reactions, the possibility of longitudinal 
| vibrations is not excluded. As is well known, plates may also be cut 
from a Rochelle salt crystal in such a manner as to exhibit resultant 
t extensions and contractions in directions perpendicular to the electric 
field, so that in this sense one may speak of longitudinal vibrations 
produced by the transverse effect in Rochelle salt. No longitudinal 
effect exists with this crystal. 


RESONATOR, STABILIZER, OSCILLATOR 


Strictly, all piezo-electric preparations commonly used in radio are 
| resonators. Nevertheless, in order to avoid the confusion which has 
| already begun to appear in various publications, it is suggested that 
. i the term “resonator” be used, as a rule, in а more restricted sense, and 
' that the following definitions be adopted. 
| Piezo-Electric Resonator—Any device that may be excited piezo- 
electrically into resonant vibration at one or more frequencies. In a 
more restricted sense the term is also applied to such a device when so 
connected as to exert no appreciable controlling effect upon the applied 
frequency through its reaction. | 

Piezo-Electric Oscillator—A circuit containing a resonator and pos- 

‚ } sessing too little regeneration to oscillate of itself, but which oscillates 

_ > through the reaction of the resonator when the latter is vibrating near 

25 one of its normal frequencies with energy derived from the circuit. 

? Such a circuit is often called a “crystal-controlled” or “quartz-con- 
| trolled” circuit, also a *piezo-oscillator." 

Piezo-Electric Stabilizer—A stabilized circuit is one which oscillates 
| without the resonator, but the frequency of which is, usually over а 
| rather narrow range, stabilized when the resonator is connected to the 
“i circuit. The resonator itself may in this case be referred to as a “piezo- 
| electric stabilizer.” 


See ct tm 


1 W. С. Cady, “A shear mode of crystal vibration, Phys. Rev., 29, 617, 1927. 
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Since the distinction between a stabilizer and an oscillator lies, 
largely in the amount of regeneration, it follows that the transition . 
from one to the other may be gradual. | 

A Crystal Monitor or Piezo-Electric Monitor consists of a resonator 
in an independent circuit of low power (resonator, stabilizer, or os- 
cillator) serving as a frequency standard to which a generator may be 

tuned. Я 

A Piezo-Electric Calibrator is a resonator, ог set of resonators, 50 25 а 
connected as to serve as a frequency standard for the calibration of > 
frequency meters, etc. 
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AVIATION COMMUNICATION* 


Bx 


J. STuAnT RICHARDSON 
(Northern Electrio Company, Ltd., Montreal, Quebeo, Canada) 


Summary— This paper deals with the different functions of radio in the field 


“of aviation. Requirements encountered in the design of suitable equipment are in- 
dicated and details given of equipment now operating commercially. 


Ё ITHIN the last two years great progress has been made in 
W the field of aviation, particularly in its application to the 
requirements of commerce, and nowhere has progress been 
(во rapid as on this continent. The United States and Canada are 
1 соусгед with a network of airways which stretch from coast to coast, 
jand from the Gulf of Mexico to the Arctic Circle. Even with the 
great developments which have been made, however, it cannot yet 
| be said that air transportation has become completely a part of modern 
i life. 
; The contribution of aviation to this era is speed, and this factor 
| alone is a big recommendation to the commercial world. The use of 
airplanes for the transportation of mail and important freight is 
: growing apace, but the growth of passenger tra flic is slow. 
| The development of the aviation industry as a means of passenger 
transportation will depend on the achieving of *air-mindedness" by 
the general public, and this in turn will depend on a number of other 
factors. Air schedules will have to be as dependable as railway 
schedules. There will have to be more airdromes, more facilities for 
the. repair of aircraft, more manufacturing concerns, and above all 
more organization on the routes than we have at present. Furthermore, 
every possible step will have to be taken to ensure the safety of aircraft 
in flight. The average person still regards a trip in an airplane as 
something of an adventure, and as long as this state of mind con- 
tinues he will naturally give his custom to the railroad companies 
when it comes to a question of transportation. The air-travel age will 
have arrived when the man in the street takes to the air as readily 
and with as little thought of danger, as he does to travel by rail. 

So it can be said that an important factor in the growth of aviation, 
especially with regard to passenger transportation, is that of safety. 
Anything which can give a further measure of safety to aircraft in 
flight will affect greatly the future of aviation. 


. * Decimal classification: R520. Original manuscript received by the In- 
stitute, July 10, 1930. Presented before Fifth Annual Convention of the Insti- 
tute, August 19, 1930. 
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Experiments have been taking place for some time, and the results 
of these experiments are now being adopted commercially, in the 
adaptation of radio for use by aircraft. It is believed that radio can 
bring a measure of safety to aviation, and the aim of this paper is to 
show in just what manner this may be accomplished. 

Reference will be made in this paper to the developments in avia- 
tion communication both in Canada and the United States, and to. 
the requirements of the Federal Radio Commission. Although in 
Canada we are not governed by the requirements of the Federal | 
Radio Commission, the developments here will proceed along similar 


Fig. 1—Trimotored Ford plane used as a laboratory for the development of the 
equipment described in this paper. 


lines to those in the United States, in order to facilitate air travel be- 
tween the two countries. 

Communieation has always been of paramount importance to sys- 
tems of transportation. The safe operation of our railroads depends 
absolutely upon reliable communication. The same can be said of 
marine transportation, to which radio communication has given a 
factor of safety that it did not hitherto enjoy. Communication is of 
even greater importance in aviation, because of the relatively higher 
speed, and because of the greater dependence of aireraft upon weather 
conditions. Radio can give to aircraft three important things; weather 
information, guidance, and communication with the ground. 

To the pilot the advantage of being able to receive weather reports 
and other pertinent information in flight is immeasurable. With the 
mileage per hour of planes ever increasing, a great change of weather 


ren i nde sane 


мера та ie mene apr ANA 


| Richardson: Aviation Communication 2145 


imay be experienced by a pilot in the space of one hour. With the _ 


taigh speed at his command a pilot is able to make a detour around 
^, reported storm center, providing he has sufficient fuel, unless he 
rlecides that an immediate landing is more expedient. 

The second important factor is guidance. Any instrument which 
iwill give specific guidance between point of take-off and point of 
landing is obviously a great advantage, and nothing yet produced 
{сап compare with the radio beacon for the fulfilling of this function. 
i An experienced pilot relying on his instruments alone to guide him 
over a familiar course through haze or cloud, may by a combination 
“of circumstances be put a long way off his course. But by the aid of 
а radio-beacon receiver his guidance from point to point is specific 
„and accurate, no matter what the state of the weather. 

A radio receiver in a plane further constitutes a definite economic 
asset. It assists a pilot in kceping to his time schedule, enables him 
‘+40 follow a set course through any weather conditions, and so saves 
‘time in flight, and reduces the consumption of gasoline considerably. 
Furthermore, the emergency supply of gasoline may be reduced, thus 
i making room for more pay load. 

The addition of transmitting equipment in the plane will give a 
still higher degree of safety. It will enable the pilot to communieate 
{ with stations on the ground, and to request any particular information 
| ће may require. He will be able to communicate with planes flying 
| in the opposite direction over the same section of airway, and so obtain 
: advice on the weather immediately ahead of him, as well as being 
: able to report his own weather conditions to the ground. 

Further, it has been demonstrated experimentally on numerous 
г occasions that speech from aircraft may be put over the ground tele- 
t phone system, and communication established with any point. It is 
i unlikely, however, that such a service could be made available to 
^ passengers, without interfering in some way with the factor of safety 
А which radio is intended to supply. 

р Fog is undoubtedly the most dangerous weather condition that 
| а pilot may meet, a condition frequently met with near the coasts, 
È and as landing in fog is one of the problems that must be solved if 


‚ Е aviation is to progress, interesting experiments have been conducted 
. } towards this end. The future development of radio equipment of a 
- $ special nature will go a long way towards reducing the danger of “flying 


| blind”, and landing in fog. 

| Should a plane get into difficulties in the air, radio can be of very 
. little assistance, but the claim made for radio, is that it will enable 
a plane to avoid hazardous flying conditions. 
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The requirements encountered in the design of radio equipment 
for aircraft use have perhaps been more numerous and rigorous than 
that for any other field of radio communication. It has had to be 
superdependable, simple, sensitive, and light. It must also be com- 
pact, and furthermore, robust. 

In the first place it must be dependable, because in the majority 
of cases no adjustment is possible in flight. It may be necessary to 
operate the equipment for a few seconds at a time only, or on the 
other hand for the whole period of flight, yet it must function 100 per 
cent all of the time if it is to fulfill its purpose. Radio equipment that | 
develops a fault in flight constitutes just so much useless weight. 

Then the equipment must be simple to operate. In all but the 
larger types of passenger craft the pilot will also be the operator, and - 
it is important that the operation of the radio equipment shall not 
interfere with his main business of piloting. 

The equipment must also be sensitive. The gain in the receiver 
must be sufficient to build up the strength of signals in the earphones 
to overcome the combined noise of wind, engine and propeller. It 
must be sensitive again, because of the poor antenna system which 
is available, for the best type of plane antenna is relatively inefficient 
compared with that of a ground station. The trailing wire is the most 
efficient type of antenna for aircraft, but this offers certain mechanical 
disadvantages, so that the strut type is in more common use, although 
less efficient electrically. 

The equipment must also be light, since the weight a plane may 
carry is necessarily limited, and every pound of navigating equip- 
ment displaces a like amount of pay load. As the main business of 
aircraft is transportation, great consideration must be given to this 
problem, with due regard at the same time to the main business of 
the radio equipment,—safety. 

It must also be compact, since space also is at a premium in air- 
craft. In general the equipment is placed in the fuselage to the rear 
of the cabin. Here it is out of the way of the pilot and passengers, 
and as far as possible from the high tension system, which may cause 
trouble from induction. It must also be robust, to be able to with- 
stand the shocks of taking off and landing without suffering mechanical 
damage. 

Reference has been made to the high tension system as a source of 
induction. A large type of plane may have as many as 72 spark plugs 
operating within a few feet of the radio equipment, and unless pre- 
cautions are taken the consequent induction will overcome all but 
the loudest signals. This may be reduced to a negligible amount by 
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idequate screening. This means that each plug must be covered by 
4 metallic cap, the magneto encased in a close-fitting metal box, all 
wires throughout the system covered by copper braiding, and this 
газа пе in turn must be grounded to the frame of the plane at frequent 
intervals. 

Power for the operation of aircraft radio equipment may be ob- 
tained in a number of different ways. A wind driven generator may 


Fig. 2—Receiving dynamotor. This is driven by a 12-volt storage battery and 
supplies 200 volts for the plate circuit of the receiver. Weight 8 pounds. 


be used, a generator coupled to the engine, or a dynamotor. A wind 
driven generator is the lightest source of obtaining power, but this 
has the disadvantage of rendering the equipment inoperative except 
during flight. On the occasion of a forced landing this might prove a 
serious handicap. 

In the following paragraphs reference is made to particular pieces 
of equipment. It should be understood that all the equipment re- 
ferred to has been developed by the Bell Telephone Laboratories for 
the Western Electric and Northern Electric Companies. There are, 
however, a number of manufacturing companies engaged in studying 
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1 
the radio requirements of aircraft, and a number of different types of 


aircraft radio equipment are now on the market. 


One type of wind driven generator designed for supplying power 
to the receiver weighs only seven pounds. This is a double voltage” 


generator supplying ten volts for the heater circuit of the tubes, and 


200 volts for the plate circuit. The action of the wind on a small pro-- 


peller drives the generator at а speed of 6500 r.p.m. The propeller 
is of the constant speed, self-regulating type. It has a starting torque 


Fig. 3—Transmitting dynamotor. This is driven by a 12-volt storage battery 


and supplies 1050 volts for the plate circuit of the transmitter. Weight 
30 pounds. 


such that any airplane speed in excess of seventy miles an hour is 
sufficient to bring the generator up to the speed at which it will deliver 
its rated output. 

An alternative method of obtaining power for the plate circuit 
of the receiver is by a dynamotor, which operates from the same 
12-volt storage battery which is used to heat the filaments. This 
weighs eight pounds, and its output is 50 ma at 200 volts. The 
output circuit is equipped with a filter to eliminate the noise caused 
by the sparking of the commutator brushes of the dynamotor. If 
the plane is already equipped with a storage battery for other purposes 
than the radio, then the weight of this power system is very little 
more than that of the wind driven generator. This system has the 
added advantage of operation either in flight or on the ground. 
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| For the operation of the transmitter similar types of generators of 
greater capacity are required. The wind driven generator weighs 


; ithirty pounds, and has two output circuits, 20 amperes at 12 volts for: 
| Ithe filaments; and 400 ma at 1050 volts for the plate circuit. The 


| transmitter dynamotor weighs 30 pounds and requires an input of 65 


‘amperes at 12 volts. The battery for its operation also heats the tube 


‚ lfilaments, and its plate output is the same as that of the wind driven 


"A 


sgenerator. On planes where the dynamotor is üsed a 12-15-volt, 
350-ampere generator connected to the engine of the plane is necessary 
iin order to keep the battery charged. A generator coupled to the 
jengine is an alternative method of obtaining power for the transmitter. 
| Special control is provided to maintain constant voltage automatically’ 
ilat all engine speeds. 1050 volts are taken off for the plate supply; 
(while the regular airplane battery, floated across the low potential 
‘supply of 12 or 14 volts, is used for the filaments and the heater element 
liof the quartz-crystal thermostat control. 
Before equipment may be designed for any field of radio communi- 
cation it is first necessary to decide what frequency shall be employed. 
By international agreement it was decided that the band of 230 
i to 353 ke be reserved exclusively for radio beacon stations? It has 
(been found that stations 250 miles apart will give satisfactory guidance 
Јо a plane in flight, and also that it is practicable to transmit weather 
and other information by telephone to aircraft from these stations. 
1 Reception of signals from a beacon station may be either aural or 
\ visual, and their operation is briefly as follows: Hither type of station 
i has two large loop antennas placed at right angles to each. other. 
) The signals from each loop are strongest in the plane of the loop, 
; and in a direction at right angles to the plane of the loop the signal 
| strength i is zero. By means of a goniometer it is possible to orient the 
: courses in space to any predetermined angle, even though the loops 
| proper are fixed. With the aural type, each loop emits a different sig- 
|А nal and at a point midway between the lines of greatest signal strength, 
‚ the two signals interlock into a long dash, which is the indication to 


| | the pilot that he is on his course. 


ee Um 


fi This can be more easily understood by the consideration of a 
ll beacon station using the Morse characteristies A(.—) and N(—.) on - 


2 its two loops. The dot of the A is transmitted between the dash 
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and dot of the N signal, and the dash of the A follows the dot of the 
. From this it can be seen that at a point where the signal strength 


| 

px 
іН. Diamond, "Applyin nE the visual double-modulation type radio range 

to the airways,” Proc. I. R. 17, 2158-2185; December, 1929. 

a ? Kear and Jackson, * Applying the radio range to the airways,” Proc. 


R. E., 17, 2268-2283; December, 1929. 
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from each loop is ће same, the two characteristics will blend together T 
in the form of a long dash. x 
With the visual type, the radio frequency from each loop is modu- 


lated continuously at different low audio frequencies. These signals || 


operate a small indicator composed of two reeds, which is placed on 
the instrument board in front of the pilot. The degree of amplitude. 
of each reed is governed by the position in space of the airplane from : 
the line of true course. When the airplane is on the true course both 
reeds vibrate at equal amplitude. The visual indicator is so arranged 
that the reed vibrating at the larger amplitude always indicates the 
side to which the airplane is off its course. This is accomplished by a 3 
plug-in arrangement of the reed-box proper which is manipulated by: 
the-pilot as he changes from one course to another. | 
The majority of the beacon stations now in operation provide four. : 
courses. However, there are numerous airports where more than four. || 
air routes converge. 'To take care of this requirement experiments «|| 
are now being conducted for the provision of twelve radio courses 
from one beacon station. 
The aural method of reception proves fatiguing to a pilot if ex- : 
tended over a long flight, especially at times of heavy static, so that 2| 
development in this field is proceeding with a view to still further 
improvements in the method of visual indication. Headphones will 
still be required however, for the reception of weather reports and . 
other messages. The usual type of headphone is now being replaced : 
by a headset employing an individually molded earpiece carrying a i 
small receiver originally developed for the hard of hearing. These » 
receivers weigh less than an ounce, are snapped into the earpiece, 4| 
and may be worn for long periods without discomfort. 
It might be mentioned that in Europe the guidance of planes is 1 
conducted on somewhat different lines to that in general use in North = 
America. All passenger-carrying planes are equipped for two-way : 
communication. Radio direction finding stations are established at 
strategic points, and upon request from a plane two or more of these 
stations determine the direction of travel of the radio waves from the © 
plane. These bearings are communicated to the base station, the posi- | 
tion of the plane caleulated and supplied to the plane by radiotele- . 
phone. The disadvantage of this system lies in only one plane being | 
able to obtain a bearing at any one time, and although the whole : 
operation may be completed in a minute and a half, it does not make 
for satisfactory working where several planes are converging on one 
airport at the same time. | 


The accompanying illustration is of an aircraft radio receiver 


Richardson: Aviation Communication 2151 


leveloped for the reception of either aural or visual signals from 
-yeacon stations. Three stages of radio-frequency amplification are 
»mployed, and one stage of audio frequency. The input stage is not 
tuned, but is provided with a special input filter to avoid interference 
trom unwanted stations. Means are also provided for adapting the 
Meceiver to antennas of various dimensions. Thorough shielding is 
»rovided for the circuit elements, and the tuning coils are mounted 
n individual copper-shielded containers. These coil assemblies plug 
nto sockets similar to those provided for the vacuum tubes. With this 


Fig. 4— Aircraft radio receiver with cover removed showing cushioned mounting 
base. 


receiver only one set of coils is required to cover the frequency band ; 
Рој 250 to 500 ke. A welded sheet-aluminum cover protects the appara- | 
tus from dirt and moisture. | 
A cushioned mounting base is provided for these receivers. The | 

! base is permanently installed in the plane, and the receiver may be | 
! readily removed therefrom. A single plug connector provides for all | 
d power supply and output leads from the receiver. This is quickly | 
| detachable from the receiver. Remote volume control is accomplished | 
! by mounting the potentiometer which controls the shield-grid poten- | 
tial of the radio-frequency amplifiers in a small unit which is located | 

! within reach of the pilot. Remote tuning is accomplished by the use | 
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of a flexible shaft operated at a speed 264 times that of the condensef 
shaft. The radio receiver may be located as far as 35 to 40 ft. from 
the pilot, and the tuning aecomplished with practically no backlash. \ 


Fig: 5—Demonstration set-up of aircraft radio-receiving equipment showing ` 
type of wind driven generator. 

This shafting connects with the condenser driving head of the re- 

ceiver, and may be easily detached, as well as the power and output 

plug. The tubes used are of the equipotential cathode type, which 


i m 
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Fig. 6—Remote volume control. This includes a switch for applying power to the 
filament and plate circuits, and a potentiometer for controlling the shield- 
grid potential of the radio-frequency tubes. 

tends to prevent the introduction of noise from the filament supply. 

The elements are solidly supported, making the tubes nonmicrophonic 

and not susceptible to external mechanical jarring and vibration. The 

total weight of this receiver with accessories is only 30 pounds. 
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A number of bands in the frequency range of 1500 to 6000 ke 
таз also allocated to mobile services, and for purposes of transmission, 
ttention was turned to these frequencies. Extensive tests were car- 
ied out on this band, and it was found that communication of a 
Mature sufficient to fulfill the requirements of commercial aircraft 
‘ould be obtained. In general, the lower frequencies of this band 
Крреаг to give the most satisfactory results, however, satisfactory 
ransmission from a plane below a frequency of 3000 ke is only ob- 
ained when a trailing-wire antenna is used. The use of the strut 
ntenna being far more satisfactory from a mechanical point of view, 
$ may be on the whole more desirable to use this in conjunction with 
he higher frequencies of the band, despite the fact that this method 


"ig. 7—Two types of tuning control. These may be placed within reach of the 
pilot and are connected with the condenser drive spindle of the receiver by 
means of a flexible shaft. 


iomewhat restricts the range of communication. “Skip distance” 
8 more noticeable on the higher frequencies, but a change of frequency 
vill, under normal conditions guarantee satisfactory communication 
both by day and night. 

* Аз а result of the tests conducted by one company, a 50-watt 
Üransmitter has been developed, which has been found to function 
iatisfactorily under all conditions of flight. It consists essentially of 
1 temperature-controlled quartz-crystal oscillator, a frequency doubler, 
| modulating power amplifier, and an audio-frequency amplifier. It 
s arranged for 100 per cent modulation, so that the peak power is 


200 watts. The operating frequency is maintained to less than plus 


. or minus 0.025 per cent under all conditions by the use of the quartz- 


| у ie А : 
"rystal oscillator. This transmitter weighs 32 pounds complete with 


jubes, and is 17 in. high, 16 in. wide, and 12 in. deep. 
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A three-point master switch is used to control the operation of the 
receivers and the transmitter. In the first position everything is “off”. 
The second position supplies current to the tube heater elements of 
the receiver, and operates the dynaimotor supplying plate current. 
In this position, which is normal while in flight, the heater circuit of 
the quartz-crystal chamber is also energized. The third position 
energizes the filaments of the transmitter, and operates the trans- 


Fig. 8—Fifty-watt aircraft radio transmitter. 


mitting dynamotor. In this position, everything is in readiness for 
transmission. However, no oscillations occur in the transmitter, and 
reception is possible. In order to transmit, it is then only necessary 
to press a push button which starts the oscillations in the transmitter. 
In some installations this push button is located on the hand micro- 
phone. In others it is located on the “stick”, so that the pilot may 
operate it without moving his hand. During a conversation, this 
button is pressed while talking and released while listening. Relays 
perform all the necessary switching functions. On account of the very 


ri 
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high noise level in many planes it is necessary to employ a telephone 
transmitter with a rubber mouthpiece. This fits close to the lips and 


practically all noise is excluded from the transmitter. The closed 
_ cavity into which the speaker talks is so shaped as to avoid serious 


distortion of the speech. A special transmitter has also been developed 
for use in planes where the noise level is not so high. This is held in 
position in front of the pilot’s mouth by supports which are secured 
to both sides of his helmet. This transmitter may be dropped below 


| the pilot’s chin or turned over his head when not in use. 


A separate receiver is required on a plane equipped for two-way 
communication. This is similar in design to the beacon receiver pre- 
viously described, except that three sets of coils are required to cover 
the frequency band of 1500 to 6000 ke. 


Fig. 9—Type of microphone for use in aircraft where the noise level is high. 
The push button on the top is pressed for speaking and controls the oscilla- 
tions in the transmitter. 


The weight of two-way communication equipmentn a plane would 
be less than 150 pounds. 

The transmitter and receivers mentioned above have been designed 
for easy removal from a plane for any necessary servicing. This facility 
recommends itself to aircraft operating companies, which might wish 
to equip all their planes with the remote control and other accessories, 
and have just sufficient transmitters and receivers to take care of their 
daily requirements. This arrangement will obviate having valuable 
equipment lying idle in a hangar during the period of overhauling a 
plane. 

For purposes of aircraft communication, telephony, as against 
telegraphy, will undoubtedly come into general use. Apart from the 
extra speed of message sending and receiving, it reduces the need for 
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carrying a radio operator. There are, however, certain air routes 
where telegraphy will be preferable. Particularly where long stretches 
of water have to be covered, or where the combined effect of distance 
and high static level has to be met, communication by telegraphy 
would be more reliable. 


и 
Ни; 


Fig. 10—Pilot’s headset with close-talking microphone and phonette-type ear- | 
pieces attached. This arrangement leaves both hands free for the controls. | 
The respective Governments of the United States and Canada are 
anxious to assist in every possible way in the developing of commercial | 
aviation, and towards this end have spent large sums of money in | 
building and maintaining ground stations for providing weather | 
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jaformation, and for the guidance of aircraft. Messages of an urgent 
ature may be sent through these stations to any particular airplane, 
lut in the future it is most likely that each large aircraft operating 
ompany will own and operate ground stations along its routes using 


"Fig. 11—400-watt ground transmitter developed for communication with | 


aircraft. This shows the power-supply unit, the transmitter, and the 
antenna tuning unit. 


the frequency band of 1500 to 6000 ke for communication with its 
| planes. 

For this purpose à ground transmitter has been developed, which 
has a carrier power of 400 watts, and which is capable of complete 
‘modulation. This requires a plate potential of 1000 to 2500 volts for 
‘operation, and consists essentially of а temperature-controlled quartz- 
erystal oscillator, audio-frequency amplifier, a frequency doubler, 
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a modulating amplifier, and power amplifier. The circuit arrangement |, 
is similar to that of the 50-watt aircraft transmitter, except that a x | 
power amplifier has been added to increase the output supply to the : 
antenna. 

The power-supply unit consists of two three-phase rectifiers, one 
· single-phase rectifier, and a transformer. This unit employs seven «| 
mercury-vapor rectifier tubes, and is designed to operate from 220- i 
volt, 3-phase, 60-cycle mains. | 

A separate antenna tuning unit is used for coupling the transmitter : 
to the antenna. і 

This transmitter was developed for communicating with aircraft a 
over distances of 100 to 150 miles, but under actual working condi- © 
tions distances greatly in excess of this have been obtained. 

Up to this point we have considered radio only in its sphere of 
usefulness to aircraft flying over scheduled routes, but especially here 
in Canada will there be other functions which it may admirably ; 
fulfill. A good portion of our north country is still undeveloped, and ^ 
it has been said that aircraft will put forward the development of 5 
that area by fifty years. Whatever methods of transportation may А 
later follow, aircraft is the most economical method of surveying. . 
Furthermore, this country is studded with lakes and rivers, which : 
make ideal landing places for seaplanes and flying boats. In the winter 
time planes fitted with skis may land on the frozen surfaces of these : 
lakes and rivers. In this area too, are many mines and lumber camps 
which are making great use of aircraft for the transportation of per- 
sonnel and equipment. 

From time to time we read in the newspapers of a plane having 
made a forced landing in this north country, and so becoming “lost”. 
The organizing of a flying search party is a costly undertaking. One 
commercial company has estimated that the locating of one man who 
was lost in the bush last fall cost fifty thousand dollars. Cost is not 
the first consideration when life is involved, but had this plane been 
fitted with radio equipment, it is more than likely that the cost of 
locating this man would have been the cost of one plane making one 
trip. 

A further use to which aircraft radio is being extensively put in 
Canada is in the field of forestry protection. Planes for this purpose 
have been used for a considerable time, but the addition of radio 
on the planes has greatly extended their sphere of usefulness. A 
radio-equipped plane may report the location of a fire without return- 
ing to the base station, which ensures personnel and fire-fighting 
equipment being at the location of the fire with the least possible. 
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P a of time. In the provinces of Manitoba, Saskatchewan, and Alberta, 


| | radio- -equipped planes working in conjunction with a chain of ground 
h ‘radio stations are maintained for this purpose by the Department of 
‚| National Defence. The province of Ontario has organized its own 

в flying service for the protection of its forests. This in connection with 

y {a highly efficient ground radio system has meant an incalculable con- 
9 servation of the timber wealth of the Province. 

А | In Canada radio is further extensively used for the collection and 

F (еш of weather information for use by aircraft, over areas 

i! where no other means of communication are available., 

Aircraft is still in course of development, and so also is radio for 
\ use in aircraft. It has been shown that radio is the only possible 


а! 


#1 means of communication for aircraft, and because communication is 
қ j| во essential, great developments are to be expected. Reliable radio 
У i communication can give to aircraft a factor of safety which nothing 
| Um can give. Whereas radio has been a late addition to other methods 

|| of transportation, it will grow up side by side with aviation, and fulfill 

H || relatively an even more important function. 

1 In connection with the assistance that radio can render aviation, 
$ 1 it would be topical to make mention of the recent transatlantic flight 
15 of Major Kingsford-Smith in the “Southern Cross”. Had this plane 
"И not been equipped with radio it is extremely doubtful whether the 
| | flight would have had a successful termination. Kingsford- -Smith 
^4 has stated that at a certain distance from Newfoundland he was 
flying an erratie course owing to the unreliability of his compass. 
It was due to the bearings obtained from the radio direction finding 
stations at Cape Race and Belle Isle that a safe landing was made 
at Harbour Grace. Whatever developments take place in transatlantic 
flying, it is certain that radio will take an important place. 
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Proceedings of the Institute of Radio Engineers é 
Volume 18, Number 12 December, 19307 


SOME PROPERTIES OF GRID LEAK POWER DETECTION* 
Bv 


FREDERICK Emmons TERMAN AND NATHANIEL В. MORGAN 
(Stanford University, California) 


Ѕиттағу—П is shown theoretically that grid leak power detection can be. 
obtained without undue distortion provided the grid condenser reactance X to the 
modulation frequency, and the grid leak resistance В are related to the degree o 
modulation m in such a way that X/R zm/4/1—m?. The load limit of the grid 
leak power detector is the point where plate rectification becomes appreciable, t.e.: 
when the straight line part of the plate characteristic 18 exceeded. Theory is developed 
which indicates that the maximum carrier voltage a grid leak power detector will” | 
handle is slightly less than one-half the input voltage that the tube will take as a 
properly adjusted amplifier operating at the same plate voltage; and that the maximum | 
undistorted audio-frequency output voltage of the detector is in the neighborhood of 
one-third the output voltage developed by the corresponding amplifier. The equivalent 
input resistance of a grid leak power detector 18 proved to be greater than one-half 
the grid leak resistance. 

Experimental results are given which verify the theoretically determined point 
at which distortion becomes excessive. These results indicate that the grid leak power 
detector is more sensitive than the C bias power detector, and will ordinarily give at 
least as much undistorted output when operated at the same plate voltage. © 


grid condenser detection of large signals are not inherent proper- |. 

ties of this method of rectification, but rather are the result: 

of its improper use with large input voltages. Under suitable con-:. 
ditions the grid leak detector will give less distortion when the signal. 
is large than when it is small. 2 
The theory of grid leak power detection is exactly the well known 
grid-condenser-charge-and-leaking-off-of-charge analysis that has been il 
so often incorrectly applied to weak signal detection. The way the 
details actually work out can be seen from Fig. 1. At each positive’ а 
crest of the signal the instantaneous grid potential goes slightly an 
positive, resulting in an impulse of grid current that charges the grid ^: 
condenser negatively, thereby putting a bias on the grid. During the “i 
interval between the grid current impulses some of the accumulated 5 


charge on the condenser leaks off through the grid leak, to be те- | | 


4 | ЧНЕ unsatisfactory results generally obtained with grid leak d 
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to the detector grid as a result of the charge on the grid condenser: ||, 
follows the path of the heavy line in Fig. 1 (c) and neglecting the £j 


+ Decimal classification: R134. Original manuscript received by the In- | 
stitute July 1, 1929. Revised manuscript received by the Institute, July 7, ^j 
1930. Presented before San Francisco Section of the Institute, June 19, 1930. :: 
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| | 
lladio-frequency components introduced by the leaking-off of charge 


Wetween cycles varies in almost exactly the same way as does the 
рота ор envelope of the signal, with a resulting modulation fre- 
)uency variation in plate current. 

; The difference between the action taking place in Fig. 1 and that 
jiecurring with grid leak detection of weak signals is that in the latter 
яве the change of grid bias produced by the signal is so small that the 
Grid current never entirely stops flowing. The grid condenser under 


shese conditions discharges through the relatively low resistance grid- 
» #lament path rather than through the high resistance grid leak. The 


a: | 
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| Fig. 1—Details involved in the detection of large signals 
| by means of grid leak and grid condenser. 


H 


result is that the proper sizes of grid leak and grid condenser for weak 


* tgignal detection are entirely different from values suitable for handling 


агре signals. 
; The voltage across the grid condenser of the power detector can 
p one only as fast as the condenser charge leaks off through the grid 
lleak. If this leakage is slower than the rate at which the modulation 


wem 


| envelope decreases, then the condenser voltage cannot follow the 
' «modulation envelope, as is the case in Fig. 1 (d), and the result is 


distortion coupled with loss of sensitivity. Experiments showed that 


ihs long as the grid condenser charge could decrease as fast as the 
‚ modulation envelope the distortion was small. The rate of decay of the 
ча condenser charge is determined by the grid leak-condenser com- 
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bination, while the rate of decrease of the modulation envelope de- i 


pends upon the modulation frequency f and the degree of modulation 
m of the signal. Taking these factors into account, it is shown in 
Appendix I that the distortion will be small provided the grid leak- 
condenser proportions satisfy the relation. 


X m 
> 


ro RE () 


where R is the grid leak resistance, the degree of modulation of the 
signal, and X is the reactance of the effective grid condenser capacity. 


VALUE X/R 


MODULATION- m. 


Fig. 2—Graph of the equation (Х/Е —m/4/1—m, showing the relation of 
X/R to m at which distortion begins to become serious. 


at the modulation frequency in question. The effective grid condenser 


capacity is the actual capacity plus the input capacity of the tube, 


taking into account the plate load reaction. In order to permit ready 
visualization of the conditions at which distortion begins to increase 
rapidly, (1) has been plotted in Fig. 2. It is apparent from this figure 
that for every modulation frequency there is a maximum degree of 
modulation beyond which distortion begins to be large, but that the 
permissible value of m increases as the frequency is reduced. 


Although a small grid condenser and a low resistance leak make: 
-for low distortion because of the resulting high value of X/R, selec- 


tivity and sensitivity requirements limit the extent to which one may 
go in this direction. Since the available signal voltage is applied to 
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he grid of the detector through the grid condenser capacity, it is 
\есеззагу for this capacity to be somewhat larger than the effective 


й е 


mid-filament tube capacity offered to the signal frequency. With 


is about right. With the grid condenser capacity fixed in this way, 
ihe grid leak resistance should be made just low enough to prevent 


indue distortion under the operating conditions to be encountered, 
‘which for high quality reproduction of speech and music represents 


t 
HI 


‘values from 0.20 to 0.50 megohms. The degree of modulation at which 
*listortion begins as computed from Fig. 2, is given by the solid line 
in Fig. 3 for the case of 0.25-megohm leak, 100-uuf grid condenser and 


geo epe 


| 00016 Mr. 
| 25 MEG. 


MODULATION - m 


100 200 500 1000 2000 5000 10,000 


FREQUENCY 


Fig. 3—Allowable т as a function of modulation frequency for grid leak 
power detection for proportions of grid leak and condenser suitable for 
weak signal detection compared with those recommended for power detection. 


oma aan snm ert t germ 


: 
T audio-frequency tube input capacity. Since most of the power 


М 


i Е speech and music is on the frequencies below 1000 cycles, it is 
| (apparent that the degree of modulation encountered at the higher 
' 'requeneies will be much less than 100 per cent, and a characteristic 


1 


‘such as shown in Fig. 3 will give practically no frequency discrimination 
in ordinary reception. For purposes of comparison the allowable 


: imodulation as a function of frequency is also shown in Fig. 3 for a grid 


lleak-condenser combination suitable for weak signal detection. The 


› potential of the grid return lead is not nearly as important with the 


‘grid leak power detector as when handling weak signals. For ordinary 


| leonditions the adjustment that gives best results on moderate strength 


irdinary receiving tubes a grid condenser capacity of 50 to 100upf . 


——— 
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signals will also be satisfactory with the larger inputs, and so is to be 
preferred. 

The ratio of modulation frequency voltage applied to the grid of 
the detector by the grid condenser charge to the modulation frequency 
voltage contained in the signal envelope is a measure of the com- 
pleteness of rectification being obtained from the detector. This ratio, 
(which can also be expressed as a percentage and called the percentage 
rectification) is approximately constant for any particular tube type 
over a wide range of signal amplitude and degree of modulation, so is 
a useful constant of grid leak power detectors. When a carrier voltage 
of Е. modulated to a degree m is applied to a power grid leak detector 
having a completeness of rectification 8, the modulation frequency 
voltage that the detection process causes to be applied to the detector 
grid is 8mE, which is then amplified in the usual manner. Values of 
Заза function of signal amplitude are given in Fig. 8 for a number of 
representative tubes. The completeness of rectification depends upon 
ihe steepness of the grid voltage-current characteristic, and so is 
greater as the cathode voltage drop of the detector is reduced. 

The input resistance of the grid leak power detector is shown in 
Appendix 1I to be slightly more than the grid leak resistance divided 
by twice the completeness of rectification. The grid leak resistance 
should therefore be no lower than is necessary to prevent undue dis- 
tortion. With a grid leak resistance of 0.25 megohm the equivalent 
input resistance amounts to about 150,000 ohms, which is slightly 
higher than the input resistance of the usual weak signal grid leak 
detector. 

The maximum signal voltage that may he applied to a properly 
adjusted grid leak power detector without producing distortion is 
the input at which plate rectification begins to be appreciable. Such 
plate detection follows a square law, with the resulting production of 
second harmonie distortion as well preventing the undistorted portion 
of the output from being proportional to the signal amplitude and 
degree of modulation. Plate rectifieation takes place only at high signal 
amplitudes when the grid bias produced by the grid condenser charge 
is sufficiently great to cause the operating region to extend into the 
curved part of the grid voltage plate current characteristic, or in 
other words, when the radio-frequency signal is distorted while being 
amplified in the plate circuit. The load capacity of the grid leak 
power detector therefore varies with plate battery voltage in almost 
the same way as does the load capacity of an amplifier, and it is just 
as impossible to handle large inputs to a grid leak power detector 
without high plate voltages as it is in the ease of an amplifier. 


| 


— 
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— Ra 


1 It is convenient to express the maximum carrier voltage that may 
i1 


He applied to a grid leak power detector in terms of the voltage that 
‘лау be applied to the same tube when acting as an ordinary amplifier 


! ni the same plate battery voltage. It is shown in Appendix III that 
. 4| the plate load impedance to the modulation frequency is low and 


000 рег cent modulation is allowed for, then 
Н 


{| 
à Allowable carrier voltage _ k (2) 
| Allowable amplifier input - 1+ 1+8 


үеге В is the completeness of rectification, and usually lies between 
1.7 to 0.9, while k represents the ratio of proper grid bias for amplifier 
}yperation with по load impedance to proper grid bias for amplifier 
:peration with normal load impedance. If the allowable amplifier in- | 
put is taken as the value recommended by the tube manufacturers 


Tor amplifier operation, k can be expected to be very close to 0.70. 


= 


When the plate circuit of the grid leak detector contains an im- 
‘pedance to the modulation frequency the carrier voltage that may 
е applied to the detector is somewhat greater than the value given by 
д). This is because the effective plate voltage as far as the radio- 


~ 


È /requeney signal currents are concerned is slightly greater than the 
| ipattery potential during the crest of the modulation cycle as a result 


“of the voltage developed across the load impedance by the modulation 


‚ jfrequency currents in the plate circuit. Such a load impedance may 


SED. Сәер 


(~ 


” Зевіітпа+еѕ are made correcting for the effect of plate load impedance. 


| junerease the allowable detector input by as much as one-third if the 


(completeness of rectification is great and the load has a very high 


` impedance, but will ordinarily have somewhat less effect.’ 


With ordinary tubes the allowable carrier voltage that can be 
laandled by the grid leak power detector is at least one-third and not 
| nore than one-half of the maximum input that the same tube will 
(handle as an amplifier at the same plate battery voltage. This is 
vident when reasonable values of В and k are substituted in (2), and 


|The ratio of maximum undistorted modulation frequency voltage that 
ican be delivered by the grid leak power detector to the output for 
(amplifier operation is В times the ratio of inputs, given by (2) after 
‘correction for plate load. With ordinary tubes this ratio of outputs 
iranges from 0.30 to 0.40 with sufficient certainty to enable these 


‘figures to be used for tentative design purposes. 
i ! This statement is based on a quantitative analysis that is not included 
hn this paper but which can be obtained by an extension of Appendix III. ' 


2166 Terman and Morgan: Grid Leak Power Detection E 


EXPERIMENTAL RESULTS ON РомЕв DETECTION 


The method followed in making measurements of power detectioh 
was to apply & known carrier voltage modulated a predetermined | 
amount to the detector under test, and then to make an analysis of 
the audio-frequency voltage developed across a 10,000-ohm resistancé: ` 
in the plate circuit. A shunt feed was used in all tests. In order 60 
simplify the experimental procedure, advantage was taken of thé 
fact that it is the ratio X/R which determines the action of the grid 
leak-condenser combination at a particular modulation frequency. 
It was consequently possible to work at a constant modulation fre. | 
quency of 60 cycles and simulate the effect of different frequencies by. | 
changing the grid condenser capacity in such a way as to give X the, | 
appropriate value that would result with a constant condenser and a · 
varying frequency. 

‚ Analysis of the output voltage of the detector was made ББП 
by the “power circuit harmonic analyzer" which is part of the equip- . 
ment of the Ryan High Voltage Laboratory. This piece of apparatus, : 
which was developed by the American Telegraph and Telephone 
Company for inductive interference investigations, operates by select- 
ing the desired frequency component with suitable tuned circuits and 
measuring its potential with a vacuum tube voltmeter. In the de- 
tector investigation it was found that under ordinary conditions the. | 
principal distortion frequency was the second harmonic, which could . 
therefore be used as a measure of the output quality. 

A typical set of experimental results selected from a large number 
is given in Fig. 4. The curves for grid leak-condenser detection are 
for a value of X/R well above the minimum allowable value given 
by (1) and Fig. 2, while the one for plate rectification is for a grid . 
bias found to give maximum output with large input voltages. It is 
apparent that under the conditions used in obtaining Fig. 4 the grid © 
leak power detector is not only several times as sensitive as the plate | 
rectifier when both have the same plate voltage but also produces * 
less distortion, and gives more undistorted output. With all except . 
the very lowest signal amplitudes the grid leak power detector is 
practically a linear rectifier, and is somewhat superior to plate detection 
in this respect. 'The effect of the plate voltage on the load capacity : 
of the grid leak detector is clearly brought out in Fig. 4. It is just as ^ 
futile to expect power from a detector operating with 22 or 45 volts 
on the plate as it is from an amplifier under similar circumstance. 

The effect of varying the ratio X /R of the grid leak-condenser ; 
combination is shown in Fig. 5. As X/R becomes less than the critical k 
value given by (1) and Fig. 2 the distortion increases rapidly, ac- 
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iompanied by a loss of sensitivity, exactly as would be expected by 
hheory. The small residual distortion remaining with adequate values 
tf N/R is due to the fact that the curve of voltage across the grid 
*ondenser due to condenser charge is not quite symmetrical about the 
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Sig. 4— Performance of grid leak and “С” bias power detectors under favorable 
conditions. The solid and dotted lines are for grid leak detection, while 
the dash line applies to plate rectification. 
boint of minimum signal amplitude as can be seen in Fig. 1, and to 
tJistortion in the plate circuit introduced when amplifying the rectified 
iugnal from the grid. 
Investigation also showed that as long as the ratio Х/К was kept 
»onstant, the value of leak resistance R was of secondary importance 
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in influencing the sensitivity and distortion. The only effect observed 
{was a slight reduction in sensitivity at low values of leak resistance 


————— тал а=». RE 2r 


2168 Terman and Morgan: Grid Leak Power Detection 


caused by the increased energy consumed by the detector under those” 
conditions. 

Since the grid leak detector operates at approximately zero grid 
potential when no signal is being received, the maximum plate voltage: || 
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Fig. 5—Effect of Х/Б on sensitivity and quality, showing how both rapidly - 
pecome peor when the critical value of X/R as determined from Fig. 2°. 
is passed. 


that may be used with such a detector is fixed by the allowable plate « 
current of the tube. In a general way it may be said that low-mu tubes `. 
are not satisfactory for grid leak detection at high power levels because : | 
of their high plate currents with zero grid bias, and that a plate poten- 
tial of 80 to 90 volts is about the limit with tubes such as the '27 type. 

It is possible to increase the load capacity of the grid leak power. 
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А vidil 


j| detector without the use of excessive plate currents by employing the 
à expedient shown in Fig. 6 where the high battery voltage is cut down 
to a safe plate voltage by a series resistance that is thoroughly by- 
i| passed to all audio frequencies. When no signal is applied to the tube 


.0001 


| о "a 
| 51 MEG 


Е | 
р z л 
| бр Z ПОШ 
(88 iini 
a 
I O 
a о 
z| o 
мя 
EE 
t 212 
|< 
i Ok 
| ul 
Hi 2 
| = 
io] а 
Í E 2мо НАКМОМ ^ 
+ о. -— 
dE 
© 
О 


| RMS. CARRIER VOLTAGE 


|| Fig. 6—Performance of grid leak power detector when operated with a high 

|! plate battery voltage that is reduced to a safe value by a series resistance, 
| showing increased undistorted output that may be obtained with the aid of 
| this expedient to keep the plate current to a safe magnitude. 


| 
| 

| the grid is at zero potential, but the resistance keeps the plate current 
| to a reasonable value. Upon the arrival of a signal, the carrier wave 
| produces a grid bias by charging the grid condenser, which cuts down 
| the plate current, and hence the voltage drop in the resistance. The 
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result is that the voltage on the plate of the tube is low when no signal a 


is present, but increases when the presence of the signal makes an 
increased potential allowable. The net effect is to increase the un- 
distorted power that can be safely obtained from a given tube. 
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Fig. 7—Comparison of grid leak and plate detection with the screen-grid 
tube operating at high power levels. 


In view of the work that has recently been done on screen-grid : 
detection? the results shown in Fig. 7 are of interest. With this par- . 


? F. E. Terman and Birney Dysart, “Detection characteristics of screen- 
grid and space-charge-grid tubes,” Proc. I. R. E. 17, 830; Мау, 1929. J. В. 
Nelson, “Detection with the four-element tube,” Proc. I. R. E. 16, 822; June, 
1928. 
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| ticular sereen-grid tube, power detection with grid leak and grid 
)| condenser is more sensitive, gives more undistorted output, and less 
d distortion than does plate circuit power detection. 

| The completeness of rectification was measured in a number of 


cases and some of the results are shown in Fig. 8. Different tubes of 
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+ Fig. 8—Completeness of grid leak power detection as a function 
| of signal amplitude for a number of representative tubes. 


| 

| the same type were found on test to be very similar so only one curve 
i! for each kind of tube is shown. It is apparent that the completeness 
| of rectification for any tube type is sufficiently constant over the 
| normal signal range as to make it possible to associate a particular 
| variety of tube a particular completeness of réctification. Thus the 
| 397 tube can be considered as giving 80-85 per cent rectification as a 
grid leak power detector. 
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APPENDIX [ 


DERIVATION OF Equation (1) 


This equation gives the relation between modulation frequency f, 
degree of modulation т, grid leak resistance KR, and effective grid 
condenser capacity C which must exist if the grid condenser charge ` 
is to be able to leak off through the grid resistance fast enough to follow 
the variations in the modulation envelope at all times. 

The rate of change of voltage across a condenser C charged to a 
voltage E' as a result of leakage through a resistance R is — E'/RC. 
If the equation of the envelope of the modulated signal wave is 


e = Е(1 + m cos 2rft) 
then at time ¿= tł the envelope magnitude e, is 
eo = Е(1 + т cos 2mfto) 
while the rate of change of envelope is 
de/dt = — mE Qnf sin 27ft. 


The grid condenser rate of discharge can follow the rate of change of 
modulation envelope at any time ta of the modulation cycle provided 
—E'/RC Zde/dt, where de/dt is evaluated at #=6 and E’=e, or 
when — тЕ2тј sin 2 = —E(1+m) cos 2zft,/ RC. This can be re- 
duced to 


X/R = 1/2nfCR > m sin 2rfto/(1 + m cos 2zfi;). (3) 


The point on the modulation cycle where it is most difficult for the 
grid condenser charge to keep up with the envelope change is at a 
value to that makes the right-hand member of (3) a maximum which 
is when cos 2mfí;,— —m. The maximum value of the right-hand 
member of (3) is therefore m/14/—m?, and the charge on the grid 
condenser can decrease at least as fast as the modulation envelope 
changes when X/Rzm/4/1—m?. 


APPENDIX II 


EQUIVALENT INPUT RESISTANCE or Grip 
Leak Powrr DETECTOR 


The grid current in the grid leak power detector flows only when 
the signal voltage is at or near its crest value, as is clearly shown in 
Fig. 1(B). The power absorbed by the detector input is accordingly 
slightly less than the product of the crest signal voltage and the 
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| average grid current. Since the average grid current is equal to ВЕ/Е, 
Y where В is the completeness of rectification, E the crest value of signal 
| ^ voltage, and E the grid leak resistance, one can write 


| 

| mur. (Effective signal)? 
Grid power loss = 8#?/R = ——————— ——- - 

| (R/28) 


Hi The denominator of this last term represents the equivalent input 
| resistance to the signal, which is accordingly 2/28. 


(4) 


| ArPENDIX ПІ 


ALLOWABLE INPUT SIGNAL 


When a signal of carrier amplitude e, modulated to a degree т 
; is rectified with a completeness В, the maximum potential across the 
1 grid condenser is 8(1--т)е,, and takes place when the signal is at the 
3. crest of the modulation cycle with an amplitude (1+m)es. The most 
1 negative instantaneous potential on the grid is the sum of bias and 
signal, which sum must not exceed twice the proper grid bias for 
5 amplifier operation without plate load if distortion is to be avoided. 
| Since the proper grid bias depends upon plate load impedance, being 
| less for lower impedances, the bias Р, recommended for amplifier 
‚ Я operation at the same plate potential employed in the detector must 
| | be multiplied by a factor Ё, having a value approximately 0.70, to 
| give the bias for amplifier operation with no plate load. The maximum 
! values of e, that will not produce distortion must then satisfy the 
i relation 


2kE, = (1+ В) (1 + те. 


Remembering that Е, is the allowable input for normal amplifier opera- 
‚ tion, this equation can be rewritten as 


| У 
| Allowable carrier e, _ 2k (5) 
> Allowable amplifier input Е (1+ 8)(1 + m) 


This reduces to (2) when m = 1.0. 


APPENDIX IV 
EXPERIMENTAL TECHNIQUE 


A circuit diagram of the experimental set-up is shown in Fig. 9. 
The modulated oscillator was a conventional oscillator with an a-c 
voltage superimposed upon the d-e plate battery voltage to produce the 
modulation. Linearity of modulation was insured by keeping the plate 
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voltage swing to the limits within which d-c tests showed the oscil- 
lator output to be proportional to plate voltage. The output of the . 
oscillator was amplified by a broadly tuned radio-frequency amplifier 
neutralized to prevent self-oscillation. "The amplifier and oscillator | 
were inclosed in separate galvanized iron boxes which contained fila- 
ment and plate batteries as shown. 

The voltage delivered to the detector under test was obtained from 
a potentiometer having a total resistance of 2500 ohms. This low value 
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Fig. 9—Circuit diagram of experimental set-up used in making 
measurements on grid leak power detectors. 


was used to prevent the asymmetrical grid losses in the detector from 
producing wave-form distortion. The voltage applied to the detector 
was read by a vacuum tube voltmeter which could be calibrated from 
the 60-cycle line voltage. The rectified output of the detector was 
delivered to the 10,000-ohm input resistance of a Western Electric 
“power circuit analyzer” as indicated in the figure. 
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ADVANCES IN TRANSOCEANIC CABLE TECHNIQUE* 


Bx 


HoBART Mason 
(Western Union Telegraph Co., New York City) 


биттагу— Progress in the consiruction of transatlantic cables is described 
from the earliest to the most recent type, which operates at 1400 letters per minute. 
Without technical detail the development of cable operating mechanisms 15 sketched 
indicating the improvement which resulted from the use of relays, magnifiers, and 
regenerators. The application to the cable art of landline multiplex telegraph practices 
is Shown. Operating procedures [0 secure both economy of plant utilization and at 
the same time good speed af service are noted. The handling of those loaded cables 
which may not be duplezed and the limitations imposed thereon by traffic and by 
other plant conditions is discussed. Various cable codes are compared. Service 
requirements are outlined and usages noted leading up lo a study ој the economics 
and the balancing of speed of service against plant and operating costs. Trends of 
growth аге given with data covering tlie fall of file as to hours of the day, direction, 
and class af business. 


НЕ subject of transoceanic cable technique is so broad that 
even though only the most important phases of it be touched, 
as is the aim of this paper, vet many points pertaining to that 
subject title must be passed by. Although the whole art is relatively 
young, barely exceeding the allotted human span of years, yet the 
most interesting strides have been those of the past decade. Therefore, 
it seems natural and reasonable to discuss it from its inception. 
For convenience in presentation we shall consider cable technique 
under four heads: cable, apparatus, operation, service. 


CABLE 


From the laying of the first Atlantic cable in 1858 up to 1923 there 
had been no marked change in the design originally adopted for trans- 
atlantic service. Such changes as were made had to do chiefly with the 
proportions of the various parts: conductor, insulation, and sheathing. 

The first transatlantic cable was designed with a conductor of seven 
number 22-gauge copper wires laid up to form a single strand weighing 
107 lbs. per nautical mile. The insulation was composed of three 
coatings of gutta-percha weighing 260 lbs. per nautical mile. The core 
(conductor and insulation together) was served with an ample wrap- 
ping of jute yarn to act as a protective cushion and also to give a 
sufficient bulk to allow the sheathing wires to lie evenly around the 

* Decimal classification: 621.382.8. Original manuscript received by the 


Institute, May 24, 1930. Presented before Fifth Annual Convention of the 
Institute, August 19, 1930. 
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:®ircumference. The sheathing of armor wires served the dual purpose 
Sof providing a protective wall and adequate tensile strength. The 
ijsheathing was composed of eighteen strands, each containing seven 
galvanized iron wires of number 22 gauge. The completed cable was 
treated with a preserving compound of tar, pitch, and linseed oil. 
“It was flexible and mechanically strong but the many small wires in the 


. Hgheathing were not only difficult to galvanize but presented a large 
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surface for corrosive action. 
| The next Atlantic cable was sheathed with ten single wires of 
2 comparatively large cross section thus exposing a smaller surface to the 
j,action of rust. As an additional protection each individual wire was 
5 served with manila hemp saturated with a mixture of tar, India 
gl rubber, and pitch. This was called open-type sheathing as it did not 
¿iform a closed wall of metal about the core. Its bulk decreased the 
3! specific gravity of the cable and its rough surface increased the surface 
‘friction during laying. These were desirable characteristics for laying 
^| purposes as they reduced the strain on the paying-out brakes. 

| The design was used up to 1880 when it was decided that a closed- 
|| sheath type forming a solid metallic wall about the core was more 
D desirable. It was found that. with the open-sheathed type the cable 


y tended to flatten out while being picked up during repairs. This caused 
: || the sheathing wires to take the strain unevenly and frequently caused 
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с breakage. Another disadvantage was that when the serving decayed 
п and fell off, the core, surrounded only by а. loose cage-like structure, 
| was especially exposed to attacks by marine life. 

In the modern closed-type sheathing each armor wire is covered 
with a preservative compound and a prepared tape, and the sheathed 
cable has an outer covering of two servings of jute yarn steeped in 
| “freed” coal tar, laid on spirally in opposite directions, alternating 
with three coatings of compound applied hot. This design is now 
used almost exclusively with the exception that individual taping of 
sheathing wires is sometimes omitted. 

To protect the core from the borings of teredos and other marine 
organisms a wrapping of brass tape which entirely encases the core is 
provided on cables laid in situations warranting it, especially in 
tropical waters and within certain depth limitations. 

The sheathing is varied to conform to conditions existing along 
the route; thus, in deep water where the liability to mechanical injury 
is remote, the armor is of the lightest type consistent with sufficient 
tensile strength to enable the cable to be successfully laid or lifted for 
repair. In shallow water the nature of the sea bottom, the prevalence 
of rocks, the occurrence of large ice masses, the risk of damage by 


pin 
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ships’ anchors or by trawls, and other local conditions determine the 
amount and kind of protection needed. Quite generally a long ocean 


cable has four or five degrees of armor protection. While the core . | 
remains the same throughout, the over-all size tapers from about the © | 
size of a wrist at the shore ends to about the size of a thumb at the %: 


deep-sea, portions. 
Apart from improvements in apparatus design, improved cable 


speeds were at first achieved only by increasing the size of the core. *: | 


Step by step this course was followed until one transatlantic cable | 
was laid with a core having 1100 lbs. of copper and 450 Ibs. of gutta- | 
percha per nautical mile. ju 

The advantages to be derived from increasing the inductance of -< 
cable telegraph circuits had long been recognized but it was not until 
1923 that certain nickel-iron alloys possessing special magnetic proper- 
ties were developed and made the inductive loading of long submarine 


cables practicable. This loading consists of wrapping the copper con- E 
ductor throughout its length with a narrow tape ог a wire of one of | 
these high permeability alloys. The insulation and mechanical pro- i|; 


tection of the cable are precisely the same as in nonloaded cables. 

The first continuously loaded cable, laid in 1924, extends from 
Hammel, Far Rockaway, New York, to Horta on the island of Fayal 
in the Azores. The conductor is composed of a solid copper wire 
closely surrounded by six helically disposed copper tapes. The loading, 
applied immediately outside of the copper, is a helical wrapping of 
“permalloy” tape. Over the gutta-percha insulation is a serving of 
jute yarn. Then comes the armor, which in the deep-sea section con- 
sists of 18 galvanized steel wires, number 13.4 B.W.G. each covered 
with a prepared tape and the whole served with two layers of jute 
yarn steeped in “freed” coal tar. In the deep-sea section the physieal 
constants are as follows. 


Finished diameter 1.01 in. 
Weight of copper 565 Ibs. per nautical mile 
permalloy 85 PEE 5 А 
ЕЁ „“ gutta-percha 375 a 5 £ 
in air 2.249 tons “ р Е 
‚ in water 1.325. 0 76 « d 
Breaking stress . 10.4 ш 


The total length of main core is 2328.5 nautical miles, the westerly 
sea earth is 112.5 miles, the easterly sea earth 2:0 miles, the resistance 
(main core) is 4460 ohms, capacitance 853 uf and operation is con- 
ducted at 1560 letters per minute simplex (65 cycles, five-unit code). 

The most recent loaded cable laid extends from Bay Roberts, New- 
foundland, to Horta. It is shorter and therefore of smaller core than 
the one above detailed but is more interesting because it is capable of 


Mason: Advances in Cable Technique 2179 


5.5 being operated duplex. To achieve this the cable із loaded throughout 
* $i its middle portion but as the ends are approached the loading becomes 

‹ progressively lighter and finally is omitted altogether. This tapering 

1 effect makes possible balancing by an artificial line which is of unusual] 
- af design in that in addition to matching the inductive loading of the 

& cable various other factors had to be taken into account which are 
- с neglected when balancing for low speed operation. The total length 
ГЫ of the main core is 1341 miles, the sea earths adding 58 miles. The 
íi entire weight of the copper conductor is 481,471 lbs., the mu-metal 
3| loading 59,886 lbs., and gutta-percha 376,064 lbs. In the deep-sea 
E section the finished cable is 0.82 inches in diameter weighing in air 
| 1.636 tons per nautical mile and in water 0.945 tons. This cable was 
| designed to operate 2000 letters per minute simplex or 1000 letters per 
ii minute duplex. Because of the novelty of the design certain margins 
i! were allowed. It is interesting to note that it is now duplexed with & 
& balance satisfactory for operation at 1400 letters per minute (58 cycles, 
|, five-unit code) and there is evidence that still higher speeds may be 
obtained. Since higher speeds require closer attention on the part of 
the regulating attendants it presumably will not be developed until 
the volume of traffic makes it economical to do so. 


Enc nl 


APPARATUS 


B The design of cable equipment has undergone more definite changes 
than has cable design. On the first cable sending was by a double- 
i current key, depressing one lever put negative battery to line, depress- 
( ing the other lever put positive battery to line. Reception was by a 
mirror galvanometer. In 1867 Lord Kelvin invented the siphon 
| recorder with its substantial advantage of a permanent record, which 
device is still largely used. Transmission was improved by designing 
a transmitter fed with a perforated tape which insured uniform dot 
i spacing and better utilization of line time than direct hand sending. 
ü The tape for this transmitter was perforated by a mallet punch, buttons 
i for dot, space, and dash, respectively, being struek by rubber-tipped 
? handles held in the operator’s two hands. The mallet punch was super- 
seded by a power-driven machine, generally called a “Klein” in con- 
traction of the manufacturer's name, still widely used, which perforates 
the tape from an ordinary typewriter keyboard. Evidently the 
operator’s output is much increased with this machine as he makes a 
single stroke for a single letter as against as many strokes as there are 
dots and dashes in the letter under the previous methods. 

On the receiving side and still prior to the advent of the loaded 
cable, substantial changes were made. Among the many mechanical 
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kept constantly rotating in order to overcome the friction of rest. 
This periphery has a middle insulated portion, "no-man's land," 
flanked on either side by conducting surfaces. 'The contactor, then, 
may make slight excursions, such as those due to unwanted parasitic 
currents within the field of no-man's land, without actuating the 
sending-on relays. When, however, the contactor is deflected suffi- 
ciently to reach one or the other of the conducting surfaces a suitable 
relay is closed, sending on positive or negative currents. 

Of considerable importance is the Heurtley magnifier, one of a 
number of magnifiers invented and which is still largely in use. In 
this device the original received impulse, instead of moving a siphon 
tube or a contacting pointer, slightly displaces a pair of extremely 
fine wires with reference to adjacent similar fixed wires. This system of 
wires, having a substantial temperature coefficient of resistance, is 
connected to form two of the arms of a Wheatstone bridge, and is 
continuously heated by a battery current. The motion imparted by 
the receiving coil causes an increase in the separation between two 
of the wires forming one arm of the bridge with the natural result of 
lowering their temperature, while at the same time the two wires 
forming the other arm of the bridge are brought even closer together 
with a resultant increase in temperature. Thus changes are caused in 
the bridge balance which are made to actuate more rugged apparatus. 
Customarily this magnifier works into a drum relay. 

The success of the rotary repeater developed for landline multiplex 
operation led to the development of a synchronous regenerator for 
ocean cables. The first such regenerator was put in service during 
1921 and since that time all Western Union cables have been operated 
on through the use of this device. 

The regenerator consists of a circular distributor face plate with 
eight concentric rings, the outer four being segmented and the inner 


four solid. On these rings move brushes mounted on a common insu- 
lating frame which is rotated by а Та Слип» nhanian whaal mantan 


ae 


EN 


dapi. | 


Мат М 


а 


meme 


ня 


ых 


мы 


Mason: Advances in Cable Technique 2181 


brushes mounted in pairs constitute rotating electrical connections 
between the appropriate solid and segmented rings. 

The receiving relays are actuated by but a small part, about 20 
per cent in length, of the incoming signal chosen at that part of the 
signal where the amplitude is the greatest and the likelihood of error 
due to induced currents the least. As the name regencrator implies, 
the signal is sent on from a suitable segment with all of the volume 
and the definition with which it was started out from the office of 
origin. 

The use of vacuum tubes on nonloaded cables, while tried, never 
reached commercial importance partly for reasons discussed below, 
and partly because of the fact that it is desirable for the receiving 
apparatus to have a natural periodicity about the same as that of the 
incoming signals. Mechanical apparatus could be made to approxi- 
mate this condition with the result that while sensitive to the desired 
frequency it was relatively insensitive to unwanted induced currents 
of other frequencies. The application of the printer to the cable serv- 
ice was a rather natural adaptation of landline practice after other 
equipment had made possible the securing of substantial five-unit 
signals at the receiving end. 

As a means of increasing the maximum frequency obtainable over 
a cable when two-element synchronous operation is used, a synchronous 
vibrating system is applied to interpolate single impulse signals which, 
due to the attenuation of the cable, are received with so small an am- 
plitude that they will not, of themselves, operate the receiving device. 
This circuit, based upon the so-called “dot maker' originally sug- 
gested by Judd and Davies, supplies locally the incoming signal which, 
so to speak, might be said to be lost in transmission. If left uncon- 
trolled it indicates alternately plus and minus impulses, but when 
two or more successive impulses of like polarity are transmitted then 
the received impulse is sufficiently strong to actuate and override the 
local mechanism and to cause indications according to the transmission. 
Through this device the frequency capacity of the cable is in effect 
doubled for a recognizable signal need be received only when two 
similar pulses have been sent. 

The advent of the loaded cable completely changed the technique 
of the cable equipment. Until then virtually all receiving equipment 


-used a fundamental receiving unit based upon the principle of the 


d’Arsonval galvanometer. The speed of the loaded cables is compara- 
tively so great that this type of receiving unit is not capable of fol- 
lowing the high frequency of the incoming signal. 

Vacuum-tube amplifiers were rather difficult to apply to the very 
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low frequencies of the old-style cables due to the fact that it was 
difficult to build coupling transformers or interstage coupling networks 
that would pass the low frequencies associated with these cables, but 
this type of amplifier lends itself nicely to the conditions encountered 
in the new high-speed loaded cables. 

The cable shaping networks, consisting of magnetic shunts and 
shunted receiving condensers, were not discarded when the amplifier 
was put on the cable. In fact the use of the amplifier made it possible 
to increase the use of these input shaping networks. Shaping could be 
carried further as only a small voltage change on the grid of the first 
tube is necessary with this typeof amplifier, whereas with the galvanom- 
eter type enough energy must be left in the signal after shaping to 
operate the galvanometer properly. 

In addition to the input networks used with the amplifier, it be- 
comes possible to couple the amplifier with shaping networks so that 
refinements can be achieved through a certain amount of shaping 
applied between each stage. 

The output of the amplifier has sufficient energy to operate a high- 
grade polar relay which in turn works into the active recording equip- 
ment used in eonnection with the cable. 

Because the limits of operation are, in general, set by parasitic in- 
duced currents it is best to consider the received impulses as measured 
by their voltage level rather than according to eurrent or energy values. 
In landline telegraphy we like to receive signals at a level of perhaps 
25 volts. On long ocean cables satisfactory operation suggests 30 mv 
and if the Heurtley magnifier is used, 10 mv. With the vacuum-tube 
amplifier we can well work down to levels of 3 mv. These figures indi- 
cate the increasing care which must be given in high-speed working in 
protecting from stray currents and especially in refining the artificial 
line where duplex balances are attempted. | 

Receiving equipment quite similar to landline multiplex printing 
equipment is used with loaded cables. The principal modification 
necessary to adapt landline multiplex to loaded cable working is to 
provide means for automatically reversing the direction of transmission 
since most loaded cables are not designed for duplex operation. 

Each of the simplex loaded cables has connected with the multiplex 
distributor a timing train arranged so that it can close a contact 
periodically once every half minute or multiple thereof. An adjustment 
provides for varying this time from one-half to eleven minutes. When 
the timing contact closes, an automatic motor-driven cam switch is 
brought into operation. Since the circuit is running in synchronism the 
switches at each station are actuated at the same instant and at their 
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respective ends each switch performs the following operations: at the 
sending station—stops the transmitters, switches the cable from send- 
ing to receiving, removes short circuit from amplifier input, and cuts 
in printers; at the receiving station—cuts off the printers, short-cir- 
cuits the amplifier input, switches the cable from receiving to sending 
position, and starts transmitters. 
` These functions are all performed with proper time intervals be- 
tween each operation and although the switching may take place in 
the middle of a work, when transmission is resumed in the same direc- 
tion it will be taken up exactly where left off, without errors. The time 
needed to perform these functions and reduce the cable to a condition 
suitable for operation in the opposite direction is about 6 sec., hence a 
turnaround every two minutes results in a capacity loss of 5 per cent. 
In order to decrease the time interval between the perforating of a 
message and its actual passage through the transmitter it is desirable 
to shorten the loop of tape which necessarily exists between the per- 
forator and transmitter, yet some storage must be provided if the eco- 
nomic waste of having the cable run idle during pauses in the operator’s 
performance is to be avoided. Toward this end a storing transmitter is 
used. Instead of perforating holes in a tape a free keyboard sets up 
pins in a cylindrical machine which are scrutinized by appropriate 
sending contacts which put the proper electrical impulses to the line. 
The transmitting members may catch up to the pin-setting members, 
or the latter may get ahead to the extent of the number of pins pro- 
vided by the periphery of the cylinder as the relation between operator 
performance and cable transmission varies. 


OPERATION 


Prior to 1871 transoceanic cables were operated in one direction 
only but subsequent to that date most of the nonloaded cables have 
been operated duplex. The requirements for an artificial line for a 
cable are vastly more rigorous than those for landline use. The capac- 
ities are, of course, very much greater than anything known in land- 
line service. Recently temperature-controlled rooms in which to store 
them have been developed in order to reduce changes in electrical con- 
stants due to temperature variations. 

To avoid trouble from other cables landing at the same station and, 
too, from ground potentials engendered by electrical enterprises on 
shore, it is necessary when duplexing a cable to connect the ground 
side of the artificial line not directly to the ground at the office but to 
an extra conductor called a “sea earth? which is a separate соге iden- 
tical with the main core and included with it inside of the protective 
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armor. At a point which varies from а few miles in some old-type 
cables to 112 miles in one instance of a modern loaded cable, the sea 
earth is brought out, the conductor is exposed, and electricially bonded 
to the cable sheath wires. 

Prior to 1918 all transatlantic cables were operated in sections with 
manual relay stations at least at each end of the long ocean sections. 
The development of the repeaters previously mentioned and especially 
the rotary regenerator (which, along with synchronous channelization 
of the faster old cables, somewhat preceded the loaded cables) made 
it practical to operate from terminal to terminal without any interme- 
diate handlings. Today direct circuits are operated between New York 
and London, Liverpool, Berlin, Paris, Havre, and between Boston 
and London. A similar circuit has been worked between San Francisco 
and London but merely for demonstration purposes (as traffic con- 
ditions do not warrant such a set-up). That circuit had repeaters at 
some 17 points along its length. 

Àn operator ean perforate cable business at about 300 letters per 
minute, a rather lower rate than is customary for landline operators 
because of the greater difficulty due to code words in cable traffic. 
With cables now capable of going 1500, 2000, or 2400 letters per min- 
ute itis evident that channelization must be used and various numbers 
of channels on eables both old style and loaded, are in use or planned 
for up to à present maximum of eight. Channelization of course means 
the distribution of line time between various sets of operating equip- 
ments through synchronous distributors at the two ends of the circuit. 
As synchronism has to be preserved through the relays, it follows rather 
naturally that the rotary regenerative repeater should be used. With 
channels not exceeding 300 letters per minute transmission and recep- 
tion can be carried on quite as in landline multiplex practice and with 
the same equipment of perforator, transmitter, and printer. 

The development of the regenerator has greatly improved operating 
efficiency in several directions. A few years ago the operating lost time 
on cables might be as much as 15 per cent whereas now it is customarily 
held below 4 per cent. Prior to 1918 each intermediate cable station 
required a complete complement of both sending and receiving opera- 
tors in both directions, now only the testing and regulating attendants 
remain. 

Where a simplex loaded cable constitutes the only circuit between 
two points it must, of course, be turned around at frequent intervals 
both for the sake of the speed of service of the regular business, and to 
permit expeditious. handling of inquiries and corrections regarding 
errored messages. When, however, such a cable is one.of a group of 
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$ circuits between two given termini then it may be worked for substan- 
jj tial periods in one direction only. The difference in the fall of business 
k eastbound and westbound as indicated on curves subsequently shown, 
ii makes it especially desirable to take advantage of this facility. In 
g such case it is not necessary for the cable to be automatically switched 
X: because the loss of time in ordering it turned around by message is 50 
1 small a fraction of the whole time as to be unobjectionable. In actual 
; practice the loaded cable which extends from New York to London 
it normally operates about as follows, the hours of turnaround and even 
{ the actual number of turnarounds varying somewhat from day to day 
u according to load conditions. It must be remembered that this per- 
у formance is possible only because of the several paralleling cables that 
я work in both directions all the time. 
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Figs. 1 and 2 show respectively the eastward and westward fall 
t of traffic by hourly periods. The effect of the five-hour time difference 
& between London and New York is clearly evident. So, too, is it evident 
м that customers handle their cable file much as they do their mail. 
У That is to say, they tend to allow their cables to accumulate and file 
them all at the hour of closing the business office just as they post most 
t of their letters at that hour. In American landline telegraph practice 
8 this is not the case, the load curve, like the telephone curve, showing a 
t major peak shortly after 10 л.м. and an almost equal peak around 3 
¢ р.м. Perhaps the difference in clocks can partially explain the pecu- 
© liarity of the cable curves. Eastward any cable not filed before noon 
Y will await the next morning for delivery anyhow unless night reception 
7 is provided for. Westward anything transmitted prior to 2 р.м. i8 
? too early for delivery in New York. The public's attitude is hardly 
7 logical and round-trip communications could well be handled within a 
$ given day. Arbitrage business frequently is completed with a round- 
| trip time of but two or three minutes. The fact seems to be that cus- 
| tomers are not educated to look for and avail themselves of the service 
offered. 

Of the many signaling codes that have been developed for telegraph 
purposes only two find extensive use in cable operation. Notable for 
their absence are the two methods using Morse code common in domes- 
tic manual handlings, (a) for short and way circuits, the open and closed 
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circuit where a short contact is a dot, a long contact a dash, and the 
open position making a space which by its length denotes space be- 
tween elements of a character, space between characters, or space 
between words; (b) for longer trunk circuits, the polar operation, where 
positive polarity to line is “marking,” negative is “spacing,” the length 
of marking and of spacing denoting as in (a). In important landline 
working it is impracticable to operate with significant periods of no 


|| current on the line due to the action of induced parasitic currents. 


On cables, however, a no-current interval may be made significant and 
so, because of the shorter code possible through the permutation of 
three rather than two elements, the “cable code” of three elements was, 
and except for printer operation, still is generally used. Here positive 
polarity to the line is a dot, negative a dash (dots and dashes being 
the same length) and no current provides the spaces between elements, 
letters and words. For printer operation it was found desirable to 
revert to the more rugged two-element five-unit code used on landline 
multiplexes, no reliance being placed on the no-current interval. This 
makes all characters five units long and, failing to avail of short signals 
for frequently occurring letters, would have considerably increased the 
line time had it not been possible to use the interpolator synchronous 
vibrating system or “dot-maker” previously described which device is 
not applicable to three-element codes. An analysis of traffic as it occurs 
indicates that the relative lengths of these codes (including spaces) are 
as follows. 


Continental Morse 2 element 9.27 time units per character 
Cable code 3 4 whl 4 ли Я 
2 


Five-unit printer « 5.00 * Sif ч 
Five unit with synchronized vibrator 2.50 * = & 

The cable code, being transcribed from recorder tape by typewriters, 
permits of certain short cuts not tolerable where printer reception pro- 
duces the delivery copy. Contractions, particularly of place names, 
the use of “short figures” (e.g., A for 1, U for 2, etc.) in cable code, 
and the necessity for carriage shift signals in printer code together 
make about 16 per cent difference in favor of cable code so that the 
length of cable code might be considered to that of printer code as 3.12 
is to 2.50. 

The ratio just mentioned leaves out of consideration two factors 
which are of significance in considering the volume of business which 
can be moved under the two methods. With a given voltage limitation, 
say 50 volts to ground, evidently the swing from 50 volts minus to 50 
volts positive in the two-element system is twice as great and more 
likely of proper reception than is a swing from zero to 50 volts in, say, 
the plus direction. Thus the two-element signals are more rugged than 
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the three-element signals and higher speeds resulting in greater atten- 
uation may be tolerated. On the other hand, in favor of the cable code 
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is the fact that within limits an operator can read through a faulty © 
signal or will at least know that it is questionable, while a printer with - 


a faulty signal will boldly print something wrong which may not be dis- 


coverable if in a code message. The numerical values to be attached * 


to these two facts are not readily determinable but practice indicates 
that a substantially increased volume of traffic will be handled by the 
two-element code. 
SERVICE 

As generally with concerns providing service to the public, all 
progress is headed toward two goals, one the improvement of the serv- 
ice, the other a reduction of the cost. 

The major item of improvement in service has undoubtedly been 


the reduced over-all time from origin to destination of cable messages : 


due to the elimination of intermediate manual retransmissions. Prior 
to the introduction of cable repeaters such manual handling was neces- 
sary at least at the ends of the ocean sections, in Newfoundland on the 
one hand, and Ireland, or the southwest extremity of England, on the 
other. Generally, too, a handling in Nova Scotia was involved and over 
certain routes all four places mentioned were involved. Really a part 
of the same improvement is the increased celerity in securing correc- 
tions to mutilated or obviously errored messages. 

Accuracy is another desideratum and evidently the elimination of 
manual retransmissions results in improvement in this particular. It 
is possible to develop machines that will have fewer than any stated 
number of errors per thousand words simply by spending enough 
money in perfecting the apparatus. It is not possible, however, to 
improve the operator indefinitely; the best performance of which we 
have record covering an extended period, showing 0.628 operator errors 
per thousand paid words handled. Errors due to mechanical failures 
are much less numerous than this. 


Bast Rares BETWEEN New York AND LONDON 
с pr a Or САН a ep cee es e А 


Date Full Rate 

July 25, 1866 Е $100.00 for 10 words ог less 
Nov. 1, 1866 50.00 “ * а Boe 
Dec. 1, 1867 25.00 P e rap 
Sept. 1, 1565 16.41 “ = ~ E 
June 1, 1869 10.00 “ = b Mo E 
Aug m 1869 7.50 a & ü & “ 

ву | 1872 1.00 per wo 
May 1, 1877 0.75 cous x 
Oct. 1, 1550 0.50 * * 
Sept. 1, 1885 0.25 = к 
Арг. 20, 1923 0.20* * Ж 


a НИ Йй Тө es 
* Note: Ап “XUR” rate of 25 cents for a limited amount of extra-fast traffic is still maintained. 
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i Perhaps properly classed as improvements in service are the reduc- 
jition of rates from time to time and the introductions of various classes 
‘of cable traffic. The above table interestingly shows reductions that 
ahave occurred in the rates for regular service. 
н On December, 6, 1911, a “Deferred Rate” of just half the normal 
irate was put into effect and at the same time the cable letter and week- 
send letter rates were established. The “Deferred Rate” has remained 
hat half the normal (except when entirely suspended under pressure of 
wartime traffic) ever since, but the latter rates have varied as follows: 


Date Cable Letters Weck-End Letters 
Dec. 6,1911 $1.50 for 20 words $1.50 for 30 words 
Jan. 1, 1913 575 5g S l.10 * $299 =“ 
Apr 1918 suspended| account war 
Apr. 20, 1923 1.20 for 20 words 1.00 for 20 words 
Mar. 4, 1929 I00 "wh ® 0.75 ° 25 * 


i 1885 1690 1895 1900 1905 190 


Fig. 3 


On the cost side the two big items of improvement are, of course, 
the reduction of manual retransmission expense and the vastly in- 
creased carrying capacity per cable due to loading. As the circuit cost 
chargeable against a message is reduced through increased carrying 
capacity per cable so it progressively becomes increasingly economical 
to provide more adequate facilities for the volume of the file. The more 
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adequate these facilities are in proportion to the file the more nearly 


complete “readiness to serve” for every filed message will be found.-: 


It has not been found economical as yet to engineer the cable plant on | 3. 


an almost 100 per cent “readiness to serve" basis but a much better pro- if 


portion of business is handled within short time limits now than was 


formerly the case. As in any communications industry the cable file. i е 


is extremely uneven throughout the twenty-four hours as is indicated 


by Figs. 1 and 2 which show respectively the fall of traffic eastward and =. | 


westward in transatlantic cable service. That the improvement in the 


accuracy and the speed as well as the reduction of the cost, both © 


absolutely and through the introduction of deferred services, has great- 
ly stimulated transatlantic business as indicated in Fig. 3 which shows 


for one of the larger cable systems the growth in transatlantic cable |. : 


traffic for the past forty years. 

That the popularity of the letter services is increasing and doubtless 
is in good measure responsible for the considerable growth in total 
traffic is well shown by the following comparison of only four years’ 
spread. 


CLASSIFICATION OF Parp Worps TRANSMITTED 


о 


| 1926 1930 
East West East West 
Full Rate | 40 per cent 42 per cent 24 per cent 28 per cent : 51 
Press 7 18 S 24 
Deferred | 25 19 16 14 


Letters | 55 21 52 34 


It may be interesting to note that the entire traffic handled divides 
up about as follows: 


Letters and spaces in paid-for matter 74 per cent 
Unpaid letters and spaces in paid business (place from, data, mes- 
sage number., etc.) 18 per cent 
Unpaid business (services, deadheads, inquiries for corrections and 
replies) 5 per cent 
Operating functions (shift from upper to lower case or vice 
versa). 3 per cent 


A recent analysis of cable traffic shows the following regarding the | | 


length of paid cable messages, spaces being counted as characters. 


Characters Words per 


per Word Message 
Full rate, code 9.35 | 9.9 
Full rate, plain language 7.20 16.0 
Deferred rate, plain language 6.79 20.9 
Press 7.13 81.7 


a 
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Some curious and not readily explained fluctuations occur in the 
‘ratios of eastward and westward cable traffic. However, the general 
‘trend toward a greater file east than west can be associated with a 
| preponderance of westward transatlantic radio business and this, at 
‘least in part, is explained by the political, commercial, and service 
conditions on the respective sides of thesocean. The foires for the 
past decade are 


35 


^. 


Per Cent or Revenu Wonps 


| East West 
| 1921 50 50 
| 1922 47 52 
1923 51 49 
1924 55 45 
| 1925 55 45 
1926 53 47 
| 1927 59 41 
f 1928 58 42 
i 1929 59 41 
1930 (part) 57 43 
k 


syne 


As necessary in covering a topic so broad, this paper touches only 
1 lightly on the many high spots of advance, both technical and operat- 
1 ing, in the cable art. It is hard to imagine in the near future further 
% advances comparable with those of the recent past. But the continual- 


3 ; ly increasing use of cable services by the public in the face of increasing 


"| competition from radio and from improved mail services, together with 
| the spirit which animates the cable industry, makes the author believe 
i that a survey taken, say ten years hence, will show changes and im- 

: provements perhaps rivaling in importance those of the years herein 
‘| reviewed. 
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BOOK REVIEWS 
The National Physical Laboratory Collected Researches, Vol. ХХІ, 1929. 


Published by His Majesty's Stationery Office, London, 448 pp. 10х12: 
paper. Price £1 2s. 6d. | 5 


СУ 


This is a collection of 22 papers describing work done by the British National: 
Physical Laboratory. All of these papers are on electrical or magnetic subjects 
and 12are on radio. With the exception of a paper by Dye and Hartshorn, “Ona 
primary standard of mutual inductance for presentation to the Imperial Govern- 
ment of Japan,” the papers of this collection have been published elsewhere 
between the years 1924 and 1928. Of the radio papers one is by Wilmotte, two 
are by Hartshorn, two by Dye, five by Smith-Rose and Barfield, and two by 
Hollingworth. Of the remaining papers, one is by Dye and Hartshown, one by 
Webb, one by Hartshorn and Wilmotte, two are by Wilmotte, and five by Harts- 
horn. Of this latter group some papers such as Hartshorn’s, “A method of meas- 
uring very small capacities,” may apply to radio. It is a great convenience to 
have these otherwise scattered papers collected into one volume, though it is 
difficult to understand why publication in this form is not kept more nearly up- 
to-date. 

S. S. Kirsy* 


Radio Operating Questions and Answers, by Nilson and Horning. Third edition, : 
267 pp. Published by McGraw Hill Book Company, Inc., New York, N. Y. 
Price, $2.00. 


This book has been written especially for students and operators about to 
take the government examination for a radio operator's license. It contains 
questions and answers covering the field of commercial, broadcast, and amateur 
radio operating. This material serves to bring out the salient points and to show 
the general form of answering questions. "Questions and Answers" should be 
supplemented with a radio textbook as it is not a complete text in itself. 


S. S. KırBY* 


Radio and its future, edited by Martin Codel. Published by Harper & Brothers, | 
New York. 349 pp. Sillustrations. Price $4.00. 


What is the present status of radio and what is going to be its future place 
in American life? These questions are discussed in the book, ‘Radio and Its 
Future,” by prominent men of the radio field. How did broadcasting start? 
Н.Р. Davis, vice president of the Westinghouse Company, tells us of the early : 
days of КОКА. Who pays the radio bill? This question is discussed by the 
editor in his chapter on the radio structure. What are the facts about television? 
Dr. Herbert Ives of the Bell Laboratories reviews this subject for us. These 
questions and many more on broadcast communications, industry, regulation 
and scientific considerations are discussed in language which a layman can under- 
stand. 
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The book closes with a chapter on. the future of radio by Dr. Lee deForest 
who has seen “his own inventions develop from crude experiments to world-wide 


"| institutions beyond the wildest flights of fancy,” and who is not afraid of making 
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==> 


uM хоро rte c инд ни 


See Se 


^ 


Сама WENT 


| rash predictions. 
This is not a technical book but an interesting summary of the present 


status of radio. | 
S. S. Kirsy* 


*Bureau of Standards, Washington, D. C. 
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BOOKLETS, CATALOGS, AND PAMPHLETS RECEIVED 


Copies of the publications listed on this page may be obtained gratis by 
addressing a request to the manufacturer ог publisher. 

Bulletin 932 of the General Radio Co., 30 State St., Cambridge, Mass., isa 
52-page catalog of apparatus, accessories, and parts published for service men, 
amateurs, and experimenters. 

A loose-leaf folder containing several “Technical Bulletins on RCA Radio- 
trons” is available from the Commercial Engineering Department of the RCA 
Radiotron Co., Ine., Harrison, №. J. These technical bulletins describe the 
UX-171-A, UN-222, UY-224, UX-226, UY-227, UX-245, UX-280, and UX-281, 
cubes. Iu most cases а family of plate-voltage, plate-current curves are supplied 
for each iube. A chart giving average characteristics of Radiotrons is also 
included in the binder. 


A four-page folder describing Federal anti-capacity switches is available 
frum the Federal Anti-Capacity Switch Corp. 129 Dearborn &t., Buffalo, №. Y. 

The Webster Co. of $50 Blackhawk St., Chicago, has recently issued а 
catalog in the form of a loose-leaf folder describing its complete line of amplifi- 
cation equipment. 

Vacuum thermocouples are described in Bulletin 3130 of the Thermal 
Iustrument Co., 35 Woods Ave., Somerville, Mass. 

Pureture Proof Filter Condensers is the title of a 60-page booklet describing 
various ¢lectrulviie condensers made by the Ámrad Corporation, Medford 
Hillside, Msz. 

The advantages of aluminum die castings is the subject of a 24-page booklet 
recently issued by the Aluminum Company of America, of Pittsburgh, Pa. 

А 32-page booklet recently published by the Aerovox Wireless Corp., 72-80 
Washington St, Brooklyn, №. Y., describes the complete line of dry electrolytic 
condensers made by this concern. 

Bulletin No. 6D of Jenkins and Adair, 3333 Belmont Ave., Chicago, 
describes their type С condenser microphone and accessories. Bulletin No. 10А 
deseribes a varisble attenuator for broadcast or sound picture purposes. Trans- 
formers, gain and mixing controls, amplifier accessories and other audio fre- 
quéncey apparstus [07 public address, sound picture, or broadcast equipment are 
listed in Bulletin No. 1 D. 
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REFERENCES TO CURRENT RADIO LITERATURE 


HIS is a monthly list of references prepared by the Bureau of Standards, 
and is intended to cover the more important papers of interest to the 
professional radio engineer which have recently appeared in periodicals, 
books, etc. The number at the left of each reference classifies the reference by 
subject, in accordance with the “Classification of Radio Subjects; an Extension 
of the Dewey Decimal System,” a revised edition of Bureau of Standards 
Circular No. 138 which appeared in full on pp. 1433-506 of the August, 1930, issue 
of the Рвосвертмаз of the Institute of Radio Engineers. The classification 
numbers are in some instances different from those used in the earlier version 
of this system (first edition of Circular 138) used in the issues of the Proceedings 
of the Institute of Radio Engineers before the October, 1930, issue. 
The articles listed are not obtainable from the Government or the Institute 
of Radio Engineers, except when publications thereof. The various periodicals 
ean be secured from their publishers and can be consulted at large public libraries. 


R100. RADIO PRINCIPLES 


R113 Ratcliffe, J. A. and White, F. W. G. The electrical properties of the 
soil at radio frequencies. Philosophical Magazine (London), 10, 
667—080; October, 1930. 


Giving the results of laboratory measurements of the effective conductivity and the 
effective diclectrio constant of the soil and their variation with frequency, The bearing 
of these results on some problems of the propagation of radio waves is disoussed. 


R113.5 Stetson, H. T. The influence of sun spots on radio. Jour. Franklin 
Institute, 210, 403—419; October, 1930. 


The author attempts to correlate sun spot phenomenn, magnetio storms, and radio 
reception. Curves, drawn from data taken over а period of years, indicate that mag- 
netic effects on the earth vary directly with sun spot numbera, and that the intensity 
of radio signals varies inversely with numbers of sun spots. А description of the re- 
cording apparatus used in taking tho data is given. 


R113.6 De Groot, W. Some remarks on the analogy of certain cases of pro- 
pagation of electromagnetic waves and the motion of a particle in 
a potential field. Philosophical Magazine (London), 10, 522-40; 
October, 1930. 


The conditions are investigated for which a wave-equation of the type АФ + (0/47) =0 
may be such that а group of waves move as а mags-point in а field of force which is 
independent of the frequency of the group. The movement of a group of electromag- 
netic waves in a medium containing charged particles may also be made to correspond 
to that of a particle in a potential field of force. The formulas derived are applied to 
the case of radio waves reflected by the Kennelly-Heaviside layer. 


R120 Wilmotte, В. M. General formulas for the radiation distribution of . 
antenna systems. Jour. I. E. E. (London), 68, 1174-90; September, 
1930. 


Formulas are given for the distribution of radiation in different directions. The 
effects of the antenna elements, of polarization, of current distribution, and ground 
images are discussed. A number of special cases are deduced from these general for- 
mulas, and curves are given to facilitate computation. 


R120 Wilmotte, R. M. The radiation distribution of antennas in vertical 
planes. Jour. I. Е. Е. (London), 68, 1191-1204; September, 1930. 


The radiation distribution of an antenna in a vertical plane was obtained by measur- 
ing in an aeroplane the strength of a received signal from an excited antenna on the 
ground. The position of the aeroplane relative to the antenna was obtained by means 
of a theodolite on the ground, the signal strength being recorded on в photographic 
film. Substantial agreement was obtained between theory and experiment, the discrep- 
ancies increasing with the frequency. 
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Baumler, M; Krüger, К; Plendl, Н; Pitzer, W. Strahlungsmessun- 
gen an Kurzwellen-Richiantennen der Grossfunkstelle Nauen. 
(Field intensity measuremenis of the radiation from the directional 
antenna sysiem ef ihe Nauen transmitting station). Хема. für 
36, 1-13; July, 1930. 

on the experimental investigation of the radiation chsracteristics of the 64- 


ent short-wave directive antenna (xoc 1060925, set up at Nauen fer communication 
The experimenta! results screed closely with results calculated from the 


Hochfrequenzteehni 


i On ihe magnetron oscillation of new type. Proc. LR.E., 
1745-49: October, 1939. 


the experi imental results attamed with a new type ef magnetron oscilla- 
parntively i intense ostilauiens with a wavelength ef the order of 10 em were 


с: A new ee detector system. Rudio Engineering, 
сторег, 1930 


& poner elector emn он wherein the erid! ien sud condenser are omitted, grid bias 
beinge cehtained ie Miser {ine an шока, honknesr resistance in the grid- -plate return. 


Wigee, H. Die Becca ыйы и des Widerstandsverstarkers. 
Phe frequency characteristic of resistance-coupled amplifiers.) 

Leste fas Моб tregaeantechash, 36, 24-27; July, 1930. 
5 Y eei priu eyler involved leads te в method of determining the con- 
: enue wuupivier having в ent frequency eheracterisc over s 
Lawvitg n лжи: empligestion under these conditions, 


On the theory of ülrer simplifier. Experimental Wire- 
(London), 7, 836-41; October, 1930. 

fo LHentg оласе from n new angle in whieh use i* 
: їз кермей by tubes su that the property af filter" 


ene ample Ser. The iter units may be 
ломи бан work sad the latter exhibit the ance 


oes Go Experimentelle Anu me an Spulen mit leitenden 
Kernen ані Huilen. (An experimental investigation of coils having 


camducting cores вш covers) Zeus far fachfreguenztechnsh, 36, 


PS 24: Juis, розе 


d aver were found to Lave the folloning efect? 
ferta soe of зе (D The capacity of the cuil 
bc clexrat:ce between Фу aud coy et ar core 13 very 
fos reduced ћу eertain cores asd covera in which 
Зе a пенал, пето Ube pet enduetaree злу be hele 
ease the vesstanoe of the сой м ecnuderably ineressed. 
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Scott, K d. Verintion of the inductance of coils due tothe magnetic 


Ae ae Vr EX amc > 
shielding effect ef eddy currents in the cores. Proc. LR.E., 18, 
PAG tea (Эс tole T, lusQ 
Иер ef ect of adds carrenis ou the Rur in tbe tatenor 


matena] o dioi shown that the eounter voltage of 
codec у to the ponspenert of боз in the core 
ce sí rhe соге Doypressioms are obtained and 
ductanee of a cul] with frequency, or with 
the on э ер As wd Dern east 4 pie cone tunterial Ssriple calculation and sorme 
erpediisectal иу are ven Dbererults chow Uist tie inductances atingh frequencies 
are туда у јело 13 We те ђе wak uer, ме tends to Use suspeun that sotme fac- 
фи Ма GuAS саћу currents cause: the Паз и: the intennu ef the core to decrease with 
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R200, Rapo MEASUREMENTS AND STANDARDIZATION 


MeLensan, d. C and Burton, А C. Method of obtaining a visible 
rpectrum of waves of radio frequency. (Letten, Nature (London), 
126, 130; July 26, 1930 
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_ It was found that for а. given wavelength there is а maximum heating effect produced 
in a medium, the в eoifio conductivity and dieleotrio constant of which are connected 
with the frequenoy by а simple law. A glass tube filled with agar-agar, tetriodomercurate 
of silver, and а few drops of an electrolyte, when placed in a radiation field acts as a 
crude spectrograph. 


R213 Hall, Е. Г. Accurate method of measuring transmitted wave fre- 
quencies at 5000 and 20,000 kilocycles. Bureau of Standards Journal 
of Research, 5, 647-52; September, 1930. 


Tho measurement of the frequency of a radio tranamiting station offers a convenient 
means of intercomparison of frequenoy standards. While there have been several articles 
published with station frequency measurements, these have, for the most part, con- 
sidered frequencies in the broadcast band or lower. This paper describes a method 
of measuring station frequencies applicable to any frequency, but dealing primarily 
with frequencies of approximately 5000 and 20,000 ko. А high order of precision is 
obtained by tho use of harmonics and audio-frequency-beat notes. Most of the units 
of the equipment employed have been previously described in connection with other 
applications. 


R231 Illgen, Н. Einfluss der Oberflichenbeschaffenheit von Drühten auf 
die Selbstinduktion bei hohen Frequenzen. (The influence of the 
surface nature of a wire on its self-inductance at high frequencies). 
Zeits. für Hochfrequenztechnik, 36, 50-62; August, 1930. 


Using an interference method for measuring tho self-induction of straight wires of 
uniform length and croas section but having different coverings, it was found within the 
frequenoy range of 1000-15,000 ke: (1) that oxidation of thin insulating coverings had 
по measurable effect; (2) that the equations of Férsterling are reliable for calculating 
the self-inductance of wires with conducting covering, and (3) that electrolytic cover- 
ings have a great influence which is, however, mostly capacitative. 


R241 Benz, Е. Dümpfungsmessungen an Induktivitüten bei Hochfre- 
quenz. (The measurement of damping in inductances at high fre- 
quencies). Zeits. für Hochfrequenztechnik, 36, 41-49; August, 1930. 


Ordinary methods of measuring tho damping resistance were found to be unreliable 
at high frequencies. Accordingly a satisfactory thermal method was developed, whioh 


the author describes. 


R242 Raghava, Као, S. V. and Watson, H. Е. The measurement of small 
currents. Experimental Wireless and Wireless Engr. (London), 7, 


552-556; October, 1930. 


A study of the grid current characteristics of different types of tubes and their suit- 
ability for measuring small currents. It was found that the main requirements of a tube 
for this work are: extremely good insulation of the grid (a conducing factor being low 
filament temperature), high mutual conductance an low impedance. 


R242.1 Schlesinger, K. Ein neuer Strommesser für Hochfrequenz. (A new 
ammeter for high frequencies). Zeits. für H ochfrequenztechnik, 36, 
62-65; August, 1930. : 


Describing a new type of thermoammeter for measuring small high-frequency cur- 


rents. A small taut filament is mounted in a vacuum tube and set vibrating by an audio 
oscillator. Current passing through the filament increases its temperature nnd thereby 
changes its natural frequenoy. The condenser control of the oscillator is calibrated in 
amperes. The instrument has an internal resistance of one ohm, is accurate to within 
1 per cent and may be overloaded 1000 per cent without injury. 


R243.1 Hayman, W. G. А compensated vacuum-tube voltmeter with 
balanced bridge output. Experimental Wireless & Wireless Engr. 
(London), 7, 556-59; October, 1930. 


The author describes а balanced bridge output or indicator circuit for the thermionic 
voltmeter. The advantages over the conventional type of output cirouit are: high 
input impedance, stability, and immunity of the galvanometer from accidental current 


unbalance. 

R270 Fassbender, Н; Eisner, Е; and Kurlbaum, С. Untersuchungen über 
die Ausbreitungsdimpfung elektromagnetischer Wellen und die 
Reichweiten drahtloser Stationen im Wellenbereich 200-2000 m. 
(The attenuation of electromagnetic waves and the range of radio 
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stations using 200-to 2000-meter wavelengths). Elektrischen-N ach- 
richten Technik, 7, 257—706; July, 1930. 


The results of a large number of field intensity measurements taken during 1928-1929, 
were recorded and assimilated in such a manner as to facilitate the mathematical deter- 
mination of electromagnetic wave propagation over land, within the wavelength range 
of 200 to 2000 meters. 


R300. RADIO APPARATUS AND EQUIPMENT 


Stevens, H. В. Electron tube relays. Radio Engineering, 10, 23—25; 
October, 1930. 

A discussion of the characteristics and industrial applications of electron-tube relays, 
including prid glow tubes, photoelectric cells, and phototube amplifiers. 

Kaar, I. J. and Burnside, С. J. Some developments in broadcast 
transmitters. Proc. I. R.E., 18, 1623-60; October, 1930. 

After brietly summarizing the present development of broadcast transmitters, the 

authors give a detailed description of several types of transmitters, ranging in power 
from 100 watts to Ек“, that have been developed in the laboratories of the General 
Electric Co. 
Baerwald, H. G. Das Amplitudensieb, eine Anordnung zur Amplitud- 
enstatistik unregelmássiger Vorgänge. (An amplitude filter, an 
arrangement for determining the amplitude characteristics of irregu- 
lar wave trains). Elektrische-Nachrichten Technik, 7, 362—6S; 
September, 1930. 


A special туре of push-pull circuit feeding into a linear output tube thence to an in- 
tegrating instrument, is used to examine peak values of an irregular wave. 


R400. Варо COMMUNICATION SYSTEMS 


Lee, А. С. The radio communication services of the British Post 
Office. Proc. 1.В.Е., 18, 1690-1731; October, 1930. 
А presentatiun of the main outline of the services and varied activities of the British 


Post (fee in the fields of radiotelephony, telegraphy, and broadcasting, with a more 
detailed reference to special features of equipment. 


R500. APPLICATIONS oF Rapio 


Kruse, В. S. A multi-range receiver with four tuned circuits. 
(QST, 14, 21-25; October, 1930; Electronics, 1, 336-37; October, 1930. 
А multiorange (245-Suduke) single control, four-circuit aireraft receiving set, incorpor- 
ating Istest advances in receiving set design, is described in detail by the author. 
Isbell, А. А. The RCA world-wide radio network, Proc. I.R.E., 
18, 1732-42: October, 1930 
An outline of the development of the RCA communication system during the past 


ten years snd a description of the present world-wide network. Some reference із made 
te the type of equipment used 


R600. Влото STATIONS 


Quack, E. and Мене], H. Diehte der Kommerziellen Kurzwellen- 
stationen. (The congestion of commercial short-wave stations). 
Elcktrische- Nachrichten Technik, 7, 277-79; July, 1930. 

A short discussion of the problems to be solved if serious congestion in the commercial 
short-wave bands is to be prevented. 
Eckersley, P. P. and Ashbridge, N. A wireless broadcasting station 
for dual programme service. Jour. /. E. E. (London), 68, 1149-73; 
September, 1930. 

The British Bresdeasting Си. plans to build a number of twin transmitting stations 
capable of radiating two programs simultaneously nt different frequencies, and each 
ats power of 50 kw in the antenna. The first one has been completed at Brookmans 


Park, Hertfordshire, England. The problems encontered during its construction are 
discussed and в deseription uf the completed station is given. 
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R614 Mégel, Н. Betriebskontrolle von Kurzwellensendern. (Operating 
control of short-wave transmitters). Hlektrische-Nachrichten. Technik, 
7, 334-48; September, 1930. | 


A description of the large short-wave station at Nauen, Germany, with special atten- 
tion given to the methods of control used. 


R800. NoNRADIO SUBJECTS 


и 551.5 Chapman, S. and Ferraro, V. C. A. A new theory of magnetic storms. 
Nature (London), 126, 120-130; July 26, 1930. 


An attempt to infer the course of events when a neutra] ionized stream of particles 
from the sun is directed towards the earth has led to results which are believed to in- 
dicate how magnetic storms are produced. 


621.314.3 Laub, H. Beitrag zur Theories des Resonanztransfórmators. (A 
contribution to the theory of resonance transformers). Elektrische- 
Nachrichten Technik, 7, 348-62; September, 1930. 


A comprehensive mathematical and experimental investigation of the mutual effects 
of two cirecuits, one (the primary) excited by an a-c source and the other (secondary) 
рер taped by an output impedance; the circuits being coupled through & resonance 
transformer. 


621.374.6 Turner, Н. M. and McNamara, Е. T. An electron-tube wattmeter 
and voltmeter and a phase shifting bridge. Proc. I. R.E., 18, 1743- 
47; October, 1930. | 


This paper describes а wattmeter, for measuring power of а few microwatts or more, 
a phase shifting bridge for controlling the angular relation of two potentials without 
changing their amplitudes, and a voltmeter for measuring potentials of a few milli- 
volts without amplifying. 


621.385.96 Goldsmith, A. N. and Batsel, M. C. The RCA photophone system 
of sound recording and reproduction for sound motion pictures. 
Proc. I. R. E., 18, 1661-89; October, 1930. 


The general considerations governing the selection of à sound-on-film recording and 
reproducing system are analyzed, and the variable width track for recording and the 
dynamic cone with directional baffle for reproduction are described as best suited for 
studio and theater applications. The recorders, sound heads for projectors, amplifiers, 
switching and control devices, power supply, and loud-speaker systems of various 
types of RCA Photophone equipment, are described in detail. 
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Proceedings of the Institute of Radio Engineers 
Volume 18, Number 12 December, 1930 


CONTRIBUTORS TO THIS ISSUE 


Austin, L. W.: See PRocEEDINGS for January, 1930. 


Bailey, S. L.: Born October 7, 1905 at Minneapolis, Minnesota. Received 
B.S. degreein E. E., University of Minnesota, 1927; M.S. degree, 1928. Research 


in field intensity measuring apparatus. Assistant radio engineer, Airways Divi- .: 


sion, Department of Commerce, 1928; associate radio engineer, Airways Divi- 
sion, Department of Commerce, 1929. Consulting engineer, Jansky and Bailey, 
1929 to date. Associate member, Institute of Radio Engineers, 1928. 


Ballantine, S.: See PRocEEDrNGs for July, 1930. 
Саду, W. G.: See PRoc&EEDrNGS for July, 1930. 
Clapp, J. K.: See Procerpines for April, 1930. 


Edes, М. H.: Born October 22, 1898 in Bermuda. Royal Military Academy, 
1916-1917; commissioned, Royal Engineers, 1918; Royal Corps of Signals, 1921. 
Received B.A. degree in Mathematics and Physics, Clare College, Cambridge, 
1926. Instructor, School of Signals, Catterick, 1929 to date. Associate member, 
I. E. E. Associate member, Institute of Radio Engineers, 1922. 


Grover, F. W.: Born September 3, 1876 at Lynn, Massachusetts. Received 
B.S. degree, Massachusetts Institute of Technology, 1899; M.S. degree, Wes- 
leyan University, 1901; Ph.D. degree, George Washington University, 1907; 
Ph.D. degree, University of Munich, 1908. Instructor, Wesleyan University, 
1899-1901; Lafayette College, 1901—1902; Laboratory assistant, Bureau of 
Standards, 1902-1904; assistant physicist, 1904-1907, 1908-1911; professor 
of physics, Colby College, 1911—1920; assistant professor of electrical engineering, 
Union College, 1920-1922; associate professor since 1922. Engaged in educational 
work for U. S. Signal Corps, summers of 1917 and 1918. Consultant, Bureau 
of Standards, 1918 to date. Member, Institute of Radio Engineers, 1917. 


Jackson, W. E.: Born May 8, 1904 at Bridgewater, Massachusetts. Received 
B.S. degree in E. E., Brown University, 1925. Westinghouse Electric and Manu- 
facturing Company, 1923; New England Telephone and Telegraph Conipany, 
1924; radio engineer, General Electric Company, 1925-1927; radio engineer, 
Department of Commerce, Airways Division, Bureau of Lighthouses, 1927 to 
date. Associate member, Institute of Radio Engineers, 1929. 


Judson, E. B.: Born December 8, 1898 at Washington, D. C. In Naval radio 
service, 1917-1919. Laboratorian at U. S. Naval Research Laboratory, Bureau 
of Standards, 1919-1923. Radio engineer, Radio Transmission and Research 
Laboratories, Bureau of Standards, 1923 to date. Associate member, Institute 
of Radio Engineers, 1926. 


Kenrick, С. W.: See PROCEEDINGS for September, 1930. 


Mason, Hobart: Born 1879 at Yonkers, New York. Received B.S. degree 
in Е. E., Polytechnic Institute of Brooklyn, 1900. Instructor, Polytechnic Insti- 
tute of Brooklyn, 1901. Engineering department, New York and New Jersey 
Telephone Company, 1902-1909; traffic department, Western Union Telegraph 
Company, 1912-21; engineering department, 1921-1927; traffic engineer, Wes- 
tern Union Telegraph Company, 1927 to date. Member, А.І. E. Е. Nonmember, 
Institute of Radio Engineers. 
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Morgan, N. R.: Born December 17, 1903 at Penryn, California. Received 


Н А. B. degree, Stanford University, 1928; Е. E. degree, 1929. Engineer in charge 


{| of reports, Federal Telegragh Company, 1929 to date. Associate member, Insti- 
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tute of Radio Engineers, 1929. 


Palermo, A. J.: Born May 16, 1899 at а New York. Received 
B.S. degree in E. E., Union College; 1922; M.S. degree in E. E., 1924; instructor 
in electrical т Union College, 1922 to date. ГЕ ЕА member Insti- 
tute of Radio Engineers, 1929. 


Richardson, J. S.: Born 1901 at Nottingham, England. Received education, 
Nottingham University College. Technical staff, English Marconi Company, 
1918; engineering staff, Northern Electric Company, 1928. Associate member, 
Institute of Radio Engineers, 1930. 

Terman, F. E.: See Proceepines for January, 1930. 


Wymore-Shiel, I. J.: Born in Mahaska County, Iowa. Received B.S. 
degree, Drake University, 1918; M.S. degree, George Washington University, 
1925. With Division of Metallurgy, Bureau of Standards, 1919-1924; Laboratory 
for Special Radio Transmission Research, 1924 to date. Nonmember, Institute 


‚ of Radio Engineers. 
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0 teink of 
_ TRANSFORMERS 


15 to think of 
B ORDARSON 


TRANSFORMER SPECIALISTS 
Since 1895 7 7 7 7 7 7 


Microphone Transformers ® Line 
to Tube, Tube to Line, Line to Line @ 
Mixing Transformers € Coupling 
Reactors @ Filter Chokes @ Audio 
Transformers € Impedance Matching 
Transformers € Power Compacts ® 
Speaker Coupling Transformers ® 
Complete Amplifiers 


{ Catalog of new Replacement Power and Audio b 


Transformers will be sent upon request 


{| | 
THORDARSON ELECTRIC MFG. СО. 
{ Huron, Kingsbury and Larrabee Sts., Chicago, Ili., О. S. A. 


When writing to advertisers mention of the Proceevines will be mutually helpful. 
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MER 
RAS 


QUALITY 


AUDIO PRODUCTS 


Recently an authority in the radio industry made the state- 


ment that the American Transformer Company had been. 


more interested in perfecting the equipment developed in 
theirlaboratories than in selling the products of their factory. 

Perhaps that 15 not an unmixed evil. The effect of such con- 
centration on technical and engineering problems has made 
the name ''Amertran" on any electrical equipment зупопу- 
mous with “highest quality". With the result that in appli- 
cations requiring exacting performance Amertran parts are 
specified. 

Keeping pace with the advancement of broadcasting, 
reception and amplification, Amertran engineers have devel- 
oped the most up-to-date apparatus fot every requirement. 
Every radio engineer should have our general Bulletin #1000 
with complete descriptions of Amertran Audio Products as a 
guide in specifying any of the following appliances: 


Amplifiers . Choke Coils Filament-Heating Transformers 


Audio Transformers Plate-Supply Transformers 
Power Transformers Sound Systems 
Power Blocks Power Supply Panels 


Your request for further information will receive 
prompt and courteous reply 


AMERICAN TRANSFORMER COMPANY 
179 Emmet Street. Newark, N. J. 


Representatives in the following cities 


Atlanta , Boston · Chicago Knoxville * Minneapolis 
Montreal Philadelphia 3 San Francisco . St. Louis 


AMERTRAN 


When writing to advertisers mention of the Procerpines will be mutually helpful. 
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| 
[FOUR VOLTS OUTPUT 


| From 46 о 8000 Cycles? 


List Price 
$ 
20. 
The New Hi-Output Phonovox recently introduced by Pacent gives more 
than twice the output ever before obtainable from a phonograph pickup 


and the quality of the reproduction is amazing. It provides the most per- 
fect electrical reproduction of records available. 


THE NEW 
RSS OIL-DAMPED 
$95 PHONOVOX 


The 108-B Oil-Damped Phonovox has incorporated in it the oil-damp 
principle used so successfully in over 2000 talking movie theatres throughout 
the world. The 108-B thus makes available, in the home, the same excellent 
quality heretofore attainable only with expensive sound installations. 

> Needle pressure adjustable to the fraction of an ounce. No rubber bear- 


ings. Armature freezing is impossible. 
All prices slightly higher West of the Rockies and in Canada 
PACENT ELECTRIC CO., INC., 91 SEVENTH AVENUE, NEW YORK, N. Y. 


Pioneers in Radio and Electric Reproduction for Over 20 years. Manufacturing 
Licensee for Great Britain and Ireland: Igranic Electric Co., Ltd., Bedford, England 


РАСЕМТ 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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_ COST PER TUBE | 


__________......__. 


IS LOWER WITH 


“We find with the use of Tantalum”, writes 
the General Manager of National Radio Tube 
Company, “that our cost per tube is lower even 
though Tantalum costs more than some other 
materials, 


“This material reduction in cost is due to the 
fact that Tantalum is such an efficient ‘getter’, 
and serves to enhance the quality of our product 
to such an extent that our loss in gassy tubes is 
negligible. 


National Radio Tube qum UM | 
| 
| 


*Also, we are thankful for your Tantalum Alloy 
spring wire which has already repaid us a thou- 
sand times by insuring us against flabby fila- 
ments. Our engineers recommend the use of 
Tantalum in all tubes where extremely high 
vacuum is essential to long life and perfect serv- 
ice. 

The findings of this company are backed up by 
those of other producers both here and abroad 
who are turning more and more to Tantalum 
to solve technical difficulties, improve quality and 
lower costs. 


When you try Tantalum, you'll be surprised at 

the ease with which it can be stamped, formed, Н 

welded and cleaned. It’s available in rod, sheet, Fansteel is your best source of 

and wire. May we send you a sample? supply also for pure Molybdenum, 
hardened Molybdenum alloys, 
photo-cell metals and salts. Ample 


BIG NEWS NEXT MONTH stocks for immediate delivery. 
Information and prices on re- 
Watch. these pages for announce- quest. 


ment of importance to the vacuum 
tube industry. 


FANSTEEL PRODUCTS COMPANY, Inc. 


North Chicago, Illinois. 


TANTALUM: TUNGSTEN: MOLYBDENUM: CAESIUM* RUBIDIUM AND ALLOYS 


: When writing to advertisers mention of the PRoceEDINGS will be mutually helpful. 
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yet 
One Has 


A Flaw 


ме appearance does not guaran- 
tee perfection in radio tube parts any 
more than in the two diamonds. Tube manu- 
facturers must depend on the experience and 
reputation of the parts makers for their accu- 
racy and quality. It is significant therefore, 
that leading vacuum tube manufacturers 
specify parts by Radio Products Corporation. 


Write today for your | 


copy of our new cata- 


log. 


Largest tube parts 
manufacturers in the 


world. 


Radio Products ге. 


548 SOUTH 11th STREET, 
NEWARK, NEW JERSEY 
17 Southampton Street, London, WC-I, England 


When writing to advertisers mention of ihe PnockEDINGS will be mutually helpful. 
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STU PAKOFF 


N° 287 PURE (MAGNESIA 


INSULATORS 


minimize tube failures and in do- 
ing so greatly reduce manufactur- 
ing cost and replacement expense. 


То convince you that Stupakoff No. 

287 Magnesia Insulators are the finest 

to be had, we will send enough samples 
so that you can make conclusive tests. 
Naturally, there is no obligation on your 
part. 


STUPAKOFF LABORATORIES, INC. 
INSULATORS 
6619 Hamilton Ave., Pittsburgh (6), Pa. \ 


When writing to advertisers mention of the ProceEpincs will be mutually helpful. 


XVI 


— лелердин 


Every coil must be 
en on 
[ENGINEERED № 


for its specific job 


The responsibility placed upon the coil windings used 


in a radio receiver merits, in their design, the attention 
of the best engineering talent available. 


Particularly in the design and manufacture of coils, the 
practical experience of General Cable engineers has 
enabled them to overcome difficulties that seemed in- 
surmountable. 


Because each coil must be specifically engineered for 
ә а given result, General Cable devotes much of its energy 
to research which uncovers new materials, new knowl- 
edge—often new fundamentals—that mean better coils. 


To make certain that the coils you use are as efficient 
as possible, a review of their characteristics by our en- 
gineers may prove profitable. 


GENERAL CABLE CORPORATION) 


420 LEXINGTON AVENUE, NEW YORK œ OFFICES IN PRINCIPAL CITIES V 
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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Their words have wings. 


as swift as light 


An Advertisement of the American Telephone and Telegraph Company 


WE Live and work as no other people have 
ever done. Our activities are pitched to the 
swiftness of the instantaneous age. 

Whatever happens, wherever it happens 
and however it may affect you, you may 
know it immediately over the wires or the 
channels of the air that carry men’s words 
with the speed of light. Business and social 
life are free from the restrictions of time 
and distance— for practically any one, any- 
where, may at any time speak with any 
one, anywhere else. 

The widespread. and co-ordinated inter- 
ests of the nation depend upon an inter- 
course that less than sixty years ago was 
not possible in a single community. This is 
the task of the telephone wires and 
cables of the Bell Telephone Sys- 
tem—to make a single community 
of our vast, busy continent wherein 


a man in Los Angeles may talk with an- 
other in Baltimore or a friend in Europe 
as readily as with his neighbor. 

Itis the work of the Bell Telephone Svs- 
tem to enable friends, families and business 
associates to speak clearly and immediately 
with one another wherever they may be. 
Its service is as helpful and accessible on 
a village street as in the largest cities. 

To match the growing sweep and com- 
plexity of life in this country, to prepare 
the way for new accomplishments, the 
Bell System is constantly adding to its 
equipment and bettering its service. To 
this end, its construction program for 
1930 has been the largest in its history. 
This System at all times accepts 
its responsibility to forward the 
development and well-being of the 
nation. 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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Electrad 


Constant 


GE) pee 
Super-TONATROL 


Licensed under U. S. 
Pats. 1,773,105 and 
Pats. Pend. and Ca- 
nadian Pats. 281,172 
and 286,778. 


Type 


Impedence 


Voltage Control 


RELIABILITY — Based on 


Sound Engineering Principles 


Radio engineers, in increasing num-. 
bers, rely on ELECTRAD Resistors 
and Voltage Controls for consistent- 
ly high quality performance and 
PROVED RELIABILITY. 


This preference is no mere accident. 
Reliability has been the aim of the 
Electrad organization since the 
birth of the radio industry. 


Behind it lie extensive and costly 
research, years of experience and 
manufacturing facilities second to 
none. 


Whether your problem is merely 
the selection of a stock resistance or 
the development of a special unit 
for some new use, Electrad Engin- 
eers will be glad to cooperate. 


And ELECTRAD Prices—for high- 
est quality—will quarrel with no- 
body’s budget. 


For technical details on stock re- 
sistors and voltage controls, mail 
the coupon. 


175 Varick St., New York, М.У. 


ELECTRAD 


ИМ ЛЕ ФА МА ЕМ МГМ ГА 


= ee | 


When writing to advertisers mention of the 
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ELECTRAD 
Super-TONATROL 


Stepless 
Heavy Duty 
Voltage Control 


Electrad Super-TONATROL units аге 
built on the patented DURATROL Prin- 
ciple. The resistance element is per- 
manently fused to the surface of a vitre- 
ous enameled steel plate. Pure silver 
floating multiple brush insures positive 
contact and smooth operation. 


So hard is the resistance element and so 
smooth is the action of the floating con- 
tact that Super-TONATROL Units, under 
full load, have withstood more than 
100,000 full-range movements of the con- 
tact arm without showing appreciable 
signs of wear or variation in resistance. 


Stocked in single units with 5-watt ratings 
and single, dual and triple unit gangs 
with ratings of 3-watts per unit. Special 
units can be made to requirements. 


MAIL COUPON FOR TECHNICAL DATA 


и Кр Биа ааа a 


ELECTRAD, INC., Dept. P.E. 12 
175 Varick Street, New York, N.Y. 


Please send technical data on Electrad || 


Super-TONATROL. 
C Check here for data on all products. 


Proceepines will be mutually helpful. 
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I manufacturers in every industry must suffer the 

penalty of having their products imitated. It is only natural, 
then, that the Acracon Electrolytic Condenser* has been dupli- 

` cated in appearance by several manufacturers. We urge you 
not to be misled by this similarity in appearance. Comparative 
tests between Acracon and these other condensers will prove 
Actacon’s superior electrical efficiency. 
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Special insulating washers and large soldering lugs аге now 
available with Acracon Electrolytic Condensers to insulate the 
units from the chassis. Write today, enclosing your specifications. 


Acracon Paper Filter Condensers 
are quality leaders in their field, also. Write today 


for our new price list, enclosing your specifications. 
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* ACRACON FEATURES ARE PROTECTED BY PATENTS PENDING 
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CONDENSER CORPORATION of AMERICA 
259-271 Cornelison Ave. 
JERSEY СПУ, М. J. 


Representatives in: 


Chicago St. Louis Los Angeles 


Cincinnati: San Francisco Toronto 


Мо ? 
EDEN E ee 
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PRECISION 
PARTS for.. 


Good 


Above: Screen Grid 
(224) Plate. Uni- 
form in all Dimen- 
sions 


Above and Right: Screen Grid 
(224) Assemblies. Sold Com- 
plete Ready for Immediate 
Mounting. Varied Weaves and 
Widths of Mesh. Accurate! 


b A Permanent Portfolio of 
Blue Prints—Showing Preci- 
sion Tube Parts—will be Sent 
upon Request. 


SIGMUND COHN 


44 Gold Street 
New York 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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Purpose 


| better values. 


| condenser needed. 


| world. 


Write Dept. PE-12 for 
| literature оп condensers 
| and other Hammarlund 

Precision Products. 


HAMMARLUND МЕС. CO. 


424-438 W. 33rd Street, New York 


For Bethy Radin 


PRECISION 


PRODUCTS 


When writing to advertisers mention of the PRockEDINGS will be mutually helpful, 
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INCE Radio began, Ham- 
S marlund has been con- 
denser headquarters. 
Not by chance has Hammar- 
lund leadership been consis- 
tently maintained—but simply 


by the art of better engineer- 
ing, better manufacturing and 


| Whether it is for tuning a 

| single broadcast circuit—mul- 
tiple circuits from two to four 

| —short-wave work—balancing 

| or trimming—Hammarlund 

| supplies precisely the type 

| 

| 

| 


And you can rely on that full 
measure of superiority which 
has always made Hammarlund 
| {Бе preferred condenser by 
| radio experts throughout the 
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повело BALANCE 2 
MILLIGRAMS E 


“ч 


ё ZS 


милад 


h ВІР. 


NEW YORK 


ПГ ee 


Precision 
Torsion 
Balances 


These balances are 
made in ranges from 
0-6 milligrams to 0-50 
grams. They are rec- 
ommended for the 
weighing of lamp fila- 
ments and other mass- 
es within their range. 


They are direct read- 
ing, have scales 10” 
long and are accurate 
within one fifth of one 
per cent of full scale 
value at any point on 
the scale. 


Suitable check weights 
are available. 


Send for Bulletin No. 
K-240, which gives all 
details. 


Forty years’ instrument experience is back of 


OLLER:SMITH CO 


Electrical Measur Measuring GUT CO д and Protective A Appara DMPAN ANY 


Main Office: 


Works: 
Bethlehem, 
Pennsylvania 


Offices in principal cities in U. S. A. and Canada 


ers mention of the Ркосквргмов will be mutually helpful. 
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A FAMILY OF HEAVY DUTY 


SOLANTITE now offers a new series of antenna insulators for the 

I suspension of structures of the heavier types. These insulators 
are designed not only to support greater loads but provide a 

longer insulating path between fittings to give greater pro- 
tection against electrical leakage and flash-over in the 
high voltage network. The insulators listed here- 
with are given individual load tests before 
shipment, a feature of added interest 
to those demanding the utmost 
in mechanical reliability. 


Leakage 
Length 


No. 753 а 
а ats [ce NN 


Ultimate Strength 2,000 Pounds ` 


Isolantite 


SALES OFFICES —-_—-————————— 
551 FIFTH AVE., NEW YORK CITY 


SSS 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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"ANTENNA INSULATORS —— 
by Isola 


Full technical details and 
quotations will be made 
available to all radio 
engineers, upon 
request 


Insulator 
Number 


Ultimate Strength 4,000 Pounds 


of America, Inc. 


Е И FACTORY 
BELLEVILLE, N. J. 


о SST | ^ 


When writing to advertisers mention of the Ркосверімоз will be mutually helpful. 


XXV 


+ 


SH 


Type 12: Internal | 


Бу 
S. А. В aud Standard 
Machine Screws 


Type 11. External 
For Standard Bolts 
and Nuts 


Type 15. Countersunk 
For all Countersunk 
Screws 


Typ. 2 
Locking Terminals 
For Radio 


and Electrical Work 


«ИЛ! 


OOF 


: ће New Standard of 
Performance 


Мо industry stands still — each year new products are 
brought forth— new features are incorporated in old 
models and new standards of performance and efficiency are 
reached. This is the result of constant striving for leader- 
ship and is the foundation of any manufacturing success. 


The fact that thousands of manufacturers — those who are 
recognized as the most progressive in their industries—are 
now using Shakeproof Lock Washers on their products is 
proof that this positive locking method is contributing to 
industrial progress. The twisted steel teeth of Shakeproof 
bite into both the nut and work surface and only applied 
force can release their hold. This means absolutely tight 
connections that cannot shake loose and makes possible the 
new high standards of performance that so many industries 
have attained. 


Test Shakeproof Lock Washers on your productand you will 
immediately realize the great benefit they bring you. 
Improved performance —lower assembly costs and fewer 
customer complaints are certain when your product is 
Shakeproof equipped: Free samples of any type and size 
will be furnished on request—send for a supply today! 


Atos, 


„> ОНАКЕРКООЕ; 


1,419,564 
1,604,122 
mA Lock Washer Company Чї 
er patents 5 5 ч 
"It's th 
ME OA (Division of Illinois Tool Works] Twisted | 
2529 М. Keeler Avenue, Chicago, Ш. 76227" 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 


XXVI 


Special | 
Testing 


Pick What You Need 


from this catalog of Jewell 
instruments for laboratory 
and production tests . . . 


Don't worry your engineers with the 
problem of designing and calibrat- 
ing special testing instruments. Save 
time and money by selecting the 
type of apparatus you need from this 
Jewell Catalog of testing instru- 
ments. 


When you meet а problem that 
can not be solved with the Jewell 
standard designs, tell the Jewell en- 
gineers what tests you want to make 


and the necessary limits of accuracy. The Pattern 573 
They will design the instruments Vacuum ‘Tube Voltmeter 

а 1 a is one of the many instruments shown 
ee ше delay. in the above catalog. Jt is applicable 


> i i _ toa wide range of uses where voltage 
Jew SP will gladly Sug ае must be made with 


gest the tests to be made and the in- — negligible current drain. 


struments which will.do the job with Completely wired and mounted in 
a portable carrying casc. Circuit dia- 


the utmost facility and precision. gram in detachable cover. Carrics a 

0-200 microammeter for p ru 

р ; rent. A small instrument reads plate, 
Jewell Electrical Instrument Co. filament and grid bias voltages. 


1642-D Walnut St., Chicago, Ill. 


А | 30 YEARS MAKING GOOD INSTRUMENTS 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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Quantity —-One _ 


HO 


Е < M are modest т quantity, and 
ЈСО if you have been using ћоте- 
| № made ог other resistors because 
Uniform wing- tHE question of cost deterred 
ing and tension you. from using the best, we 


resistors. W.t. WOUld appreciate quoting on 
controls both. 


л 


your requirements. 


A million VITROHM RESISTORS are made 
one ata time. Each individual resistor is 
carefully wound, thoroughly protected with 
enamel, and accurately tested. Each resistor 
is truly “hand-made” with all advantages 
of large production. May we receive 
your next order of ^" Quantity—One ^"? 


F your resistor requirements 


WARD LEONARD ELECTRIC CO. 


Mount Vernon, New York 


S 
— 


resistor specialists for more than 39 years 


eee Se eee ee ee ee Sd EE CE, cabra 
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entire fleld of acoustics. 


This Book Shows You How to Design 
Every Type of Sound Equipment 


Horns, loud-speakers, orthophonic phonographs are 
з, few examples of the many important develop- 
ments it contains. It is not only of the greatest 
value to you in your present work, but provides 
а powerful method for attacking the problems in 
many important new fields of research. 


ACOUSTICS 


By СковзЕ WALTER STEWART, Ph.D., Sc.D. 
and Rozserr Bruce Linpsay, Ph.D. 


This book starts right from the beginning with 
basic theory giving Just enough во you can under- 
stand the applications, Then it shows you by 
simplified mathematical methods, how to apply 
this knowledge to the solution of all important 
acoustic problems. These mathematical methods 
express acoustic problems in terms familiar to 
electrical men, using such terms as acoustic re- 
sistance, reactance and radiation. 


Actual Problems for Each Subject 
This book explains the subject of acoustics by 
the ''case method” that is by working out a 
great variety of problems, covering practically the 
Each chapter is inde- 
pendent of the others so that you need not 
follow through the entire book in order to use 
effectively the section that applies to your im- 
mediate design problems. 


Examine It Free 


Write to-day. Take advantage of this opportunity 
to secure a copy of this book on approval, for ten 
days examination. 


368 pages 


D. Van Nostrand Company 
244 Fourth Avenue New York City 


$5.00 postpald 


Radio and Scientific Literature 


Third edition of 
EXPERIMENTAL RADIO 


by | 
В. В. Ramsey, Professor of Physics, Indiana 
University, Member Inst. Rad. Eng. 


Fellow Am. Phys. Soc. 


(255 pages, 168 figures, 128 experiments.) 
A laboratory manual of radio experiments. 


The book is actually a group of some 128 
experiments covering most every imaginable 
phase of radio within the range of the aver- 
age experimenter. 


Experienced engineers will find Ramsey's 
outline useful for refreshing their memories 
on specific points. 


THE FUNDAMENTALS OF 
RADIO 


(372 pages, б" x 9", 402 figures.) 


A text-book for students of radio giving the 
fundamental theories and their applications 
to modern practice. It explains many theo- 
retical and practical points which have not 
found their way into other books. 


Price post paid, 
Fundamentals $3.50, Experimental $2.75 


RAMSEY PUBLISHING CO. 
BLOOMINGTON, INDIANA 


BOOKS FOR RADIO ENGINEERS 


RADIO DATA CHARTS 


Ву В. T. Beatty, М.А., B.E., D.Sc. 
A series of. ABACS providing m 


in receiver design, and enabling 


course to complicated mathematica 


WIRELESS DIRECTION FINDING 


ost of the essential data required 


roblems to be solved without re- 
formula. 


Price, post free $1.25 


By R. Keen B. Eng. (Hons.) A.M.I.E.E. 


Deals with the principles of the subject and the constructional details 
of direction finding installations. Numerous photographs and diagrams. 


Price, post free $5.50 


HANDBOOK OF TECHNICAL INSTRUCTION 
FOR WIRELESS TELEGRAPHISTS (Fourth Edition) 


This handbook covers the gencral princi 
in detail the T ] 
450 diagrams and illustrations. 


Telegraphy and describes 
wireless equipment. 478 pp., 


les and practice of Wireless 
various types of marine 


Price, post free $6.50 


Full details of contents will be sent on application. 
Orders should be accompanied by remittance. 
Copies obtainable from the Publishers. 


ILIFFE & SONS LTD., Dorset House, 


Tudor Street, London E.C.4, ENGLAND 


When writing io advertisers mention of the Procerpines will be mutually helpful. 
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| VER 300 broadcasting sta- 
1 tions, leading radio tele- 
| | IDE | graph systems, the United States 
B^ Army, Navy, Air Mail, Coast 


: А 2 | Guard and Ice Patrol Services, 
in the selection explorers like Commander Byrd, 


of insulation for | and exacting amateurs every- 
Radio Transmitting | where have utilized PYREX In- 


AUS s = sulators in тапу spectacular 
and Receiving Sets ___. || achievements. 
> 5 Regardless of whether you аге 
sénding or receiving—on land, 
sea or airplane—you should be 
thoroughly familiar with the 
PYREX Antenna, Strain, Enter- 
ing, Stand-off and Bus-bar In- 
sulators that are helping these 
leaders to make radio history. 


The new PYREX 
Radio Insulator book- 
let lists all types and 
sizes with data that 
you will want for 
ready reference. 

Return the coupon 
for your copy, and if 
you want further ad- 
vice on any insulation 
problem, our Technical 
Staff will answer your 


questions promptly. 


| CORNING GLASS WORKS, Corning, М. Ү. 

| Send copy of your new bulletin on Radio Insulators 
| Матен еее Jen). Lae eae ER er МЕ Ee ee 
| Address ra Ме EET UEM Мон у кое 
| I. В. E. 12-30 
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Out in Front . . . Аз Usual 
Midget Sets Powered 


POLYME 


POLYMET SPEAKER 
FIELD COIL, 


POLYMET SPEAKER 
TRANSFORMER 


|| "STRAND а SWEET” 
POLYMET ENAMELED WIRE 
CHOKE UNIT n tadio-frequency coils 


POLYMET POWER 
TRANSFORMER 


} POLYMET 
_ VOLUME CONTROL 


POLYMET TAPPED 
VOLTAGE DIVIDER 


POLYMET AUDIO 
TRANSFORMER 


POLYMET MOLDED POLYMET BY-PASS 
CONDENSER BLOCK 


MICA CONDENSERS 


Always inthe van—thetrend toward the “midget” was fore- 
seen in Polymet laboratories long before the demand for 
“midget” parts. Polymet engineers have produced unhur- 
ried, efficient, amply-tested essentials for wide-spread in- 
corporation in these “pony” models. These parts measure 
up in every particular, except size, with standard Polymet 
Products—more cannot be said. 

Polymet’s prompt deliveries—from three large 

factories — help speed (ће production sched- 

ules of most leading receiver manufacturers. 


Catalogs on request. 


Polymet Manufacturing Corporation 
829 East 134th Street New York City 
Canadian Representative 


‚ WHITE RADIO 


LIMITED 


41 West Avenue North Hamilton, Canada 


Representative for the British Isles 


A. H. HUNT 


LIMITED 
Tunstal Road, Croydon, Surrey, England 


и M. 1i d 


When writing to advertisers mention of the Proceepines will be mutually helpful, 
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Туре ААА, Triple 
Bradleyometer 


One or more Bradleyometers 
can be arranged to operate 
with one knob. Mixercontrols, 
Г-рса and H-pad attenuators 
and other complex controls 
can be provided. 


Bradleyunits 
are made 
in five sizes 
with or with: |“ 
out tinned 
‘leads. 
Color coded 
to any speci- 
fication, 


Bradieyunits 


Bradleyunits ore solid molded 
resistors unaffected by temperature, 
moisture or age. 

Their accurate calibration, great 
mechanical strength and perform- 
ance make them ideal for providing 
correct C-bias, plate voltage, screen 
grid voltage and for use as grid- 
leaks and as fixed resistors in 
resistance coupled circuits. 


ALLEN-BRADLEY RE 


HE Bradleyometer is a "stepped" 

potentiometer of approximately fifty 
steps. The resistance volue of eoch step 
is separately controlled, ond the total 
number of steps are assembled to con- 
form with the Resistance-Rotation curve 
desired for each Bradleyometer 
application. 


The resistor comprises a series of 
resistance discs interleaved between 
thin metal discs, and the entire column 
is retained under pressure т a bokelite 
cose. Contacts are provided ot both 
ends of the column and at the moving 
contoct arm which is geared to a bake- 
lite knob. Thus, the Bradleyometer moy 
be used as a potentiometer or as a 
variable resistor. 


Bradleyometers are used for volume 
controls, tone controls, mixer controls, 
T-pod and H-pod attenuators, and for 
innumerable applications in telephone 

lines, address systems, radio sets, 
phonographs, etc. Write for tech- 
nical data foday. 


Allen-Bradley Co 


116 W. Greenfield Ave., Milwaukee, Wis 


Type AA, Double 
Bradleyometer 


Type A, Single 
Bradleyometer 


Bradley Suppressors 
for Radio-Equipped Cars 

Interference. from ignition systems 
in radio-equipped motor cars is sup- 
pressed with Bradley Suppressors. 
Individual resistors for eoch spark 
plug ond for the common distributor 
lead minimize disturbing oscillations 
in ignition circuit. When used with 
suitable by-pass condensers in other 
parts of the ignition circuit, shielded 
ignition cobles are unnecessary. 


SISTORS 


Produced by the makers of Allen-Bradley Control Apparatus 


When writing to advertisers mention of the PnóckkpINGs will be mutually helpful. 
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The Institute of Radio Engineers 


Incorporated 
33 West 39th Street, New York, N. Y. 
APPLICATION FOR ASSOCIATE MEMBERSHIP 


(Application forms for other grades of membership are obtainable from the 
Institute) | i 

To the Board of Direction я 
Gentlemen: 


I hereby make application for Associate membership in the Institute. 

I certify that the statements made in the record of my training and pro- 
fessional experience are correct, and agree if elected, that I will be governed . 
by the constitution of the Institute as long as I continue а member. 1 further- 
more agree to promote the objects of the Institute so far as shall be in my 
power, and if my membership shall be discontinued will return my member- 
ship badge. 

Yours respectfully, 


Go. d ow d soe “= | m mom he аә ала Oe Рё элё э ао On s oom vos d аса a ace Rae dm E 5 e Ъ в + 4% + а апа » 


TIED UTC ко и ка „= Жа LL ~ ОНИ и E MEE EL M d ML #19 


(Date) (City and State) 
References: 


(Signature of references not required here) 


Mt. isti eS gode eus Ма cede кака Rte ee Senedd eae ee 
Address... ужа ак acc tore Sei Address ен о 
Мороза WESS Е NR NAP г 
Address ao en ieo M eese Address а... 
ME voor EIS dou: Abe i os euis 
Address ...............+ зз. 


The following extracts from the Constitution govern applications for admission to the 
Institute in the Associate grade: 
ARTICLE II—MEMBERSHIP 
Sec. 1: The membership of the Institute shall consist of: * *.* (d) Associates who shall be 
entitled to all the rights and privileges of the Institute except the right to hold the office of 
President, Vice-president and Editor. * * * : 
Sec, 5: An Associate shall be not less than twenty-one years of age and shall be: (a) A radio 
engineer by profession; (b) A teacher of radio subjects; (c) A person who is interested 


in and connected with the study or application of radio science or the radio arts. 


ARTICLE III —ADMISSION 
Sec. 2: * * * Applicants shall give references to members of the Institute as follows: * * * for 
the grade of Associate, to five Fellows, Members, or Associates; * * * Each application for 
admission * * * shall embody а concise statement, with dates, of the candidate’s training 
and experience. 4 : ; 

The requirements of the foregoing paragraph may be waived in whole or in part. where 
the application is for Associate grade. An applicant who is so situated as not to be personally 
known to the required number of members may supply the names of non-members who are 
personally familiar with his radio interest. 
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(Typewriting preferred in filling in this form) Мо; i 
RECORD OF TRAINING AND PROFESSIONAL 
EXPERIENCE 


2 Present; OcepatioristesnNic ne ose en bore n euge i а а doi ee detta 
(Title and name of concern) 


3 Permanent Home Address....... losses hh ham ene 
4 Business Address ent heh esee hene nnne eene Ee 
5 Place of Вігїћ.................... Date of Вїпїһ.................. Age...... 


6$ Education? вое utei t bp а арт ee ви ee ee 


(college) (date received) 


8 Training and Professional experience to Чда{е................................ 


NOTE: 1. Give location and dates. 2. In applying for admission to the grade 
of Associate, give briefly record of radio experience and present employment. 


DATES HERE 


ONS pecialty НЕ anys. вон на Pesce eee IN 

Receipt Ácknowledged............. Elected............. Deferred............. 

Сгайе........... Advised of Election........... This Record Filed........... 
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NEW SERIES 


Bathtub Variable Condensers for 
Standard and Midget Radios 


The same tried and true DeJur-Amsco type that has given so much satis- 
faction in the past plus new and exclusive features of carefully engineered 
design to meet present day requirements. 


Each size made in one capacity. 
Available in 2, 3, 4 and 5 gang 
units. 


Write for engineering data and 
working drawings. Send us your 
specifications and let us quote. 


Samples on request. 
We Also Make Special Condensers 


for Automobile Radios and 
Portable Receivers 


Deas: 2 Amsco 


a à e al 

Engineers will immediately recognize | 
in these Dejur-Amsco variable resis- ly р on 
tors the solution of many problems in Kk ® и AT, 
Power Circuits, Mixing Panels, ot \ ча „+ 
, £ p A e: erg 


Delicately Controlled 


Welding, Motors and in the Photo- 
Electric field. 


Write us your requirements. Our engineers are ready to assist you in the development 
of special apparatus to fit your particular needs. Literature on request. 


DeJur-Amsco CoRPORATION 


95 MORTON ST., NEW YORK CITY 


When writing to advertisers mention of the PRocERDINGS will be mutually helpful. 
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"0, K." but 


there's one more 
point you'd better check 


by George Lewis, Vice-President 
Arcturus Radio Tube Company 


PROBABLY it's been a tough job, designing that new model for 
1931. Yet there it is, all OK in every detail, approved by those 
who have the big “уез-ог-по.”... Now is a good time to decide 
an important question —" what tubes?" Important, because 
tubes make a big difference in the performance of any set. 
Those carefully selected condensers, well-designed trans- 
formers, advanced circuit layouts, etc., can't insure 
first-class results unless they get good tubes to work 
with... You can depend on Arcturus Blue Tubes. 

Their tone is clear, true, and life-like. They heat 
quickly, in 7 seconds. And they are absolutely 
uniform; a big point in assuring smooth per- 
formance... Specify Arcturus Tubes for 
standard equipment and you'll get the 
“OK” of the purchasers of your set as 
well as your own selling organization. 


The TUBE with the 
LIFE-LIKE TONE 
Arcturus Radio Tube Co. 
Newark, New Jersey 
When writing to advertisers mention of the PRocEepInés will be mutually ‘helpful, 
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Always x 


ahead 


RCA Radiotron quality is 
steadily being improved by the 
efforts of trained scientists and 
engineers. Not only are they 
devoting their efforts to the 
problems of everyday manu- 
facturing but they are always 
looking to the future. That is 
why the RCA Radiotron Com- 
pany is prepared at all times to 
take care of the vacuum tube 
needs of the radio industry... 
and that is also why leading man- 
ufacturers find it profitable to 
design their products on the 
basis of RCA Radiotron char- 


acteristics. 


RCA RADIOTRON COMPANY, INC. 
HARRISON, М. J. 


RCA Radiotrons 


* THE HEART OF YOUR RADIO 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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Engineers... 


Constructors... 


HE distinction between indifferent performance 
taken for granted and complete satisfaction 
realized, is sometimes difficult of recognition. 

CARDWELL CONDENSERS have dispelled this 
doubt for many and will do it for you. An installation 
worth building at all deserves CARDWELLS for ећ- 
ciency and long trouble-less service. 

Built for Broadcast and Commercial use, for high, 
medium and low powered transmitters, in many stand- 
atd sizes or to order to fit your job. Receiving con- 
densers in many standard capacities and to order. For 
rigid, vibrationless construction the CARDWELL 


Taper Plate condenser is unsurpassed. 
— j 


The entire manufacturing facilities of this 
factory are available through our Contract- 
Manufacturing Service for the manufacture of 
special apparatus. Proposals are solicited. 


i о 


Cardwell Condensers 
and Manufacturing Service 


THE ALLEN D. CARDWELL 
MFG. CORP’N 
81 PROSPECT STREET BROOKLYN, N. Y. 


Since Broadcasting Began 


“THE STANDARD OF COMPARISON"? 


When writing to advertisers mention of the PRoCEEDINGS will be mutually helpful. 
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Piezo Electric Crystals and 
Constant Temperature Equipment 


Piezo Electric Crystals: 

We аге prepared to grind Piezo Electric Crystals for 
POWER use to your assigned frequency in the 550 
to 1500 KC band, accurate to plus or minus 500 
cycles for $55.00 fully mounted. Crystals for use in 
the HIGH FREQUENCY BROADCAST BAND 
(4000 to 6000 KC) for POWER use, accurate to plus 
or minus .03% of your assigned frequency, fully 
mounted, $75.00. In ordering please specify type of 
tube used, plate voltage and operating temperature. 
All crystals guaranteed with respect to output and 
accuracy of frequency. Deliveries can be made with- 
in three days after receipt of order. 


Constant Temperature Equipment | 

In order to maintain the frequency of your crystal 
controlled transmitter to a high degree of constancy, 
a high grade temperature control unit is required 
to keep the temperature of the crystal constant. Our 
unit is solving the problem of keeping the frequency 
within the 50 cycle variation limits. Our heater unit 
maintains the temperature of the.crystals constant to 
BETTER THAN A TENTH OF ONE DEGREE 
CENTIGRADE; is made of the finest materials 
known for each specific purpose and is absolutely 
guaranteed. Price $300.00. Further details sent up- 
on request. | 


Low Frequency Standards: 


We have a limited quantity of material for grinding 
low frequency standard crystals. We can grind 
them as low as 15,000 cycles. These crystals will 
be ground to your specified frequency accurate to 
ONE HUNDREDTH OF ONE PER CENT. 
Prices quoted upon receipt of your specifications. 


Scientific Radio Service 
“Тре crystal specialists” 


P. O. Box 86 Dept. R6 Mount Rainier, Md. 


Ee 
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful, 
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Now— 


AMPERITE 


Can Be Installed In 
Any Electric Radio 


ale ә minutes 


Reduees Service Calis 


and Expense to 


a Remarkable Degree 


The AMPERITE Self-Adjusting 
Line Voltage control is now stand- 
ard equipment on many leading 
manufactured and custom-built re- 
ceivers. Radio owners everywhere 
are learning the importance of self- 
adjusting line voltage regulation— 
and many are having AMPERITE 
installed in their present receivers 
by radio service men. 


Merely Insert Amperite in 
Series with A.C. Power Line 


The New AMPERITE is inserted 
in series with the A.C. Power Sup- 
ply cord. A simple single screw 
socket is all that is necessary, which 
can be mounted anywhere inside or 
even outside the cabinet. NO 
CHANGES NECESSARY IN 
CHASSIS. АМРЕВІТЕ can be 
installed in five minutes. Substan- 
tially reduces service calls and 
saves expense. 


AMPERITE 


Self-Adjusting 
LINE VOLTAGE CONTROL 


No Radio Can be Modern 
Without Amperite 


Amperite insures maximum set effi- 
ciency by regulating line voltage 
fluctuations up or down between 
100 and 140 volts. Delivers at all 
times the proper voltage required 
for best operation. 


AMPERITE materially lengthens 
tube life, improves tone, increases 
sensitivity and selectivity. Prevents 
overloading and burning out of 
tubes and power equipment. 
Smooths out volume and insures 
the uniformly perfect quality the 
set is designed to give. 


Mail COUPON for 
Installation Instructions 


and AMPERITE TUBE CHART 


| AMPERITE < orporation 


Dept. PE-12, 561 BROADWAY. NEW YORK 


| Please send Amperite Tube Chart, in- 
stallation instructions and technical data to 


| Name музу тла др о Е 
] Address® Lx e вв ERR Rt Е 


[LE B таш шы шын s х ee ~ 
When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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The Blue Flyer Motor. 
Specially designed for 
radio-phonographs. Fa- 
mous for abundant, silent, 
dependable and accurate 
power under all service 
conditions. Open construc- 
tion with complete ventila- 
tion; will not overheat in 
closed case or cabinet. 
Silent spiral-cut fiber gears, 
long oversize bearings. 
Operates on all commercial 
voltages and frequencies. 
Supplied complete with 
mounting plate, turn-table 


and speed regulator. 
Automatic stop equipment 
is optional. 


Responsibly 
Guaranteed 


are all the go for 


In ordering 
samples, please 
give voltage 
and frequency. 


Eleetries 


ervice 


WO years ago when they were introduced, Flyer Elec- 
2 Phonograph Motors found instant approval with 
leading engineers. Their quick success was also greatly 
strengthened by the preference of lay buyers, who chose 
them through confidence in their exceptionally favorable 
development. 


Today the advantages in simplicity of design and posi- 
tive coordination achieved in Flyer Electrics remain un- 
equalled. The 15 years of outstanding success of the Flyer 
organization and plant, in producing over 5,000,000 spring 
power quality phonograph motors—and the quarter cen- 
tury of similar success in making light electrical apparatus 
—Aare the same highly valued assurances of sound effi- 
ciency. But the service record of these popular motors 
alone is the chief factor in their ever mounting popularity. 


MENERAL INDUSTRIES CO. 


3046 Taylor Street, Elyria, Ohio 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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New Т Type 
Volume Co n- 
trols are ready. 
Write for spe- 
cial Bulletin 
portraying 
curves and 
graphs of per- 
formance of 
these controls 
in sound pro- 
jection. 


olume 
controls 


A million miles in inter-stellar space is too 
small to be even considered as a unit of 
measurement. 


But on this very finite earth a million is 
an appreciable amount—whether we con- 
sider dollars or, as in our case, volume 
controls. To paraphrase a popular re- 
frain, “A million buyers can’t be wrong” 


.... and when more than twenty million 
Centralab volume controls are doing 
splendid service in old and new radio sets 
the world over it is a safe assumption that 
“Such popularity must be deserved”. 


If you have a resistance problem our 
engineering staff is at your service. 


Send 25c for volume control guide showing 
circuits for old and new sets. 


Cen 


CENTRAL RADIO 
36 Keefe Ave. 


LABORATORIES 
Milwaukee, Wis. 


A CENTRALAB VOLUME CONTROL IMPROVES THE RADIO SET 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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CHANGE IN MAILING ADDRESS. 
‚ОЕ BUSINESS TITLE 


Members of the Institute are asked to use this form for notify- 
ing the Institute office of a change in their mailing address or 
any change in the listing of their company affiliation or title 
for the Year Book membership list. 


== «аә ==> => о Ва et ыы ош p — 


The Secretary, 

THE INSTITUTE OF RADIO ENGINEERS, 
33 West 39th Street, 

New York, N.Y: 


Dear Sir: 


Effective ........ a аваг please note change in my address 
ate 
for mail as follows 
FROM 
E О SOW EE oh ST TESTE Пн а ы а а 


sw dw 9 imis e Ro e m e ин км Е = о кл лака 


* 3 жб ма ИРИНУ 


(City and State) 


TO NEW ADDRESS 


Rite ee Bae > э Ва киле = tw Be О aa ао та OM OR о ке окт teehee 


(City and State) 


Also for the membership list for next year’s Year Book note change 
in my business address (or title) as follows, this my mailing 
address: 


ia 
is not 


"lc 
II ICI 


DEDI э айа» жез ей ё&@4%9 5% % «Ае а а a зө + э шу 


(Address: Street, City ава State) 


PLEASE FILL IN, DETACH, AND POST TO THE 
INSTITUTE PROMPTLY 
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Back Numbers of the Proceedings, 
Indexes, and Year Books Available 


EMBERS of the Institute will find that back issues of the Proceed- 

ings are becoming increasingly valuable, and scarce. For the benefit 

of those desiring to complete their file of back numbers there is printed be- 

low a list of all complete volumes (bound and unbound) and miscellaneous 
copies on hand for sale by the Institute. 


The contents of each issue can be found in the 1914-1926 Index and in the 
1929 Year Book (for the years 1927-28). 


BOUND VOLUMES: 
Vols. 10 and 14 (1922-1926), $8.75 per volume to members 
Vol. 17 (1929), $9.50 to members 


UNBOUND VOLUMES: 
Vols. 6, 8, 9, 10, 11 and 14 (1918-1920-1921-1922-1923-1926), $6.75 
per volume (year) to members 


MISCELLANEOUS COPIES: 
Vol. 1 (1913) July and December 
Vol. 2 (1914) June 
Vol. 3 (1915) December 
Vol. 4 (1916) June and August 
Vol. 5 (1917) April, June, August, October and December 
Vol. 7 (1919) February, April and December 
Vol. 12 (1924) August, October and December 
Vol. 13 (1925) April, June, August, October and December 
Vol. 15 (1927) April, May, June, July, August, October, November 
and December 


Vol. 16 (1928) January, February, March, April, May, June, July, Au- 
gust, September, October, and November. 

Vol. 17 (1929) January, February, March, April, May, June, July, August, 
September, November and December. 


These single copies are priced at $1.13 each to members to the January 
1927 issue. Subsequent to that number the price is $0.75 each. Prior to 
January 1927 the Proceedings was published bimonthly, beginning with 
the February issue and ending with December. Since January 1927 it has 
been published monthly. 


\ 1 EMBERS will also find that our index and Year Book supplies аге 
becoming limited. The following are now available: 


FOURTEEN YEAR INDEX 


The Proceedings Index for the years 1909-1926 inclusive is available to 
members at $1.00 per copy. This index is extensively cross indexed. 


YEAR BOOK 


The 1930 Year Book is available to members at $1.00 per copy: This 
Year Book includes Standardization information pertaining to allied com- 
munication arts. i 


Make remittances payable to the Institute of Radio Engineers and send 
orders to: 


THE INSTITUTE OF RADIO ENGINEERS 
33 West 39th Street 
NEW YORK CITY, N. Y. 
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PREC 


GOOD many radio listeners, fiddling with the knobs on their 
sets, have been inclined to wonder what good a finely calibrated 
dial is if the program can’t be tuned in. 


In other words, your set has to have more than appearance. It’s got 
to produce! Precision on the dial has to be backed up by precision 
throughout the hook-up and all its parts. 


Not the least important parts are those which Scovill has provided to 
the leading set manufacturers since radio’s infancy. In condensers, 
Scovill engineering has made precision and quality synonymous with 
the name “Scovill”. In the Scovill laboratories and plants the prob- 


. 


{ет of micrometric accuracy has been brought into harmony with 
mass production. 


The_result is that Scovill radio condensers are known as the finest. 
If you want that kind of a condenser built either to your own or 
standard. specifications, get in touch with a Scovill representative. 


SCOVILL 


Established 1802 
MANUFACTURING COMPANY 


“WATERBURY .. CONNECTICUT: 


AON 
SCOVILL 
NS», 


Boston CLEVELAND DETROIT 
ATLANTA Los ANGELES San FRANCISCO 
CHICAGO New Уовк PHILADELPHIA 
PROVIDENCE CINCINNATI 


In Europe—Tne HaGuE, HOLLAND 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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% 00d SERVICE, | 


Gv INSULATION! 


in the industry, in the hands of an or- 
ganization which is concentrated on just 
one product, make it possible for Formica 
to give prompt service. 


Building operations during the past 
year have added thousands of square feet 
to the production capacity of Formica. 


Seventeen years of effort to perfect just 
one product has provided a material of 
unusual quality and uniformity. 


The largest battery of fabricating 
equipment in the industry is available for 
prompt service to manufacturers who pre- 
fer to buy their parts ready for assembly. 

Send your blue-prints for quotations. 


THE FORMICA INSULATION 
COMPANY 
4638 Spring Grove Avenue 
Cincinnati, Ohio 


ORMICA 


Made from Anhydrous Bakelite Resins 
SHEETS TUBES -RODS 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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Continental Resistors 


Curtis 
Electro 
Chemical 


Condenser 


Essential 
Characteristics 


Full capacity at all 
voltages 


Uniform capacity at 
all frequencies 


Low freezing point 


Low internal resis- 
tance 


Low leakage 


No nipples, new 
nm princi- 


T E mounting 
terminal at bot- 
tom 


RESISTOR 
CHARACTERISTICS: 


NOISELESS 

RESISTANCE CONSTANT 

SMALL TEMPERATURE 
COEFFICIENT 

RUGGED 

FIRMLY SOLDERED TERMINALS 

DEPENDABLE 

COLOR CODED 


UNITS SHOWN HALF SIZE 


CONTINENTAL SUPPRESSORS 
For Radio-Equipped Cars 
Stop ignition noise in the automobile radio 


set when used with suitable by-pass con- 
densers. 


Spark Plug 
uto 
Suppressor 
Shown mounted 
on Spark Plug 
Universal 
Connections 
Water proof 


Distributor Auto Suppressor 


Shown mounted on distributor cap. Fully in- 
sulated, no metal parts exposed, rigid mounting. 


Write for Information and Prices 


CONTINENTAL CARBON INC. 
WEST PARK, CLEVELAND, OHIO 


When writing to advertisers mention of the PROcEEDINGS will be mutually helpful. 
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Frost-RADIO 


maintains a 


unique service for your benefit 
Why not use it? 


Here at Volume Control Headquarters 
we maintain a complete department de- 
voted to engineering research. 

This department is organized to serve 
you in solving any problems that may 
come up in connection with the fixed 
‘and variable resistors necessary to ex- 
actly meet your requirements. 

We invite you to get in touch with us 
concerning the application of FROST- 
RADIO Volume Controls to your prod- 
uct, or the application of other controls 
involving precise regulation by means of 
fixed or variable resistors of the several 
types manufactured by Herbert H. 
Frost, Inc. 

Why not use this service, just as a 
considerable number of others are doing? 
You will find the resources of our En- 
gineers of great value in working out 
your problems. You will discover, as 
many others have done, that this depart- 
ment fully understands the requirements 
of present-day radio manufacturing. And 
you will like the speed, service and co- 
operation that is directed toward the 
solution of your problems. 

An inquiry on your letterhead. will 
bring full particulars of this unique 

‚ service to the radio industry. 


HERBERT H. FROST, Inc. 


Main Offices and Factory: ELKHART, IND. 
160 North La Salle Street, Chicago | 
No. 1880—1880 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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INCORRECT ADDRESSES 


Listed below are the names of two hundred and two members of the Institute 
whose correct addresses are not known. It will be appreciated if anyone havin 
information concerning the present addresses of any of the persons listed sil 
communicate with the Secretary of the Institute. 


Name 


Aggers, C. V. 
Alkens, Andrew J. 
Alford, Andrew 
Anderson, Donald T. 
Annett, Earl : 
Ashlock, Н. D. 


Banks, Adrian C. 
Banditson, Harry 
Batchelder, S. P. 
Belock, Harry D. 
Biar, L. E. 
Blackwell, George C. 
Bonell, Ralph K. 
Brattain, Walter H. 
Brightman, R. B. 
Burchard, John C. 
Butler, Harry. Е. 
Byrnes, Walter C. 


Carothers, R. F. 
Cattrall, John B. 
Churobill, H. B. 
Colwell, Fred. E. 
Comb, David M. 
Cone, Weiden W. 
Cook, Jesse A. 
Cookson, Walter 
Covey, Gerald G. 
Cox, Hector В. 
Crowell, Claude S. 
Cummings, George B. 
Currier, Guy 


Davey, C. V. 
Davidson, Martin 
de Amicis, D. Sicari 
Detwiler, Donald J. 
Devaud, Albert J. 
Dimond, Benjamin D. 
Dodds, D. Lowell 
Downey, William C. 
Drisko, Benjamin B. 
Drummond, P. 
Dummett, H. W. 
Durkee, James D. 


Ellis, Thomas Н, 


Gallagher, Edward M. 
allinger, Lester 
Garretson, Oliver S. 
Glassman, George 
Godfrey, Mason 
Goldman, J. L. 
Gould, Leslie A. 
Graham, Maxwell S. 
Gray, J. Calvin 
Gritzner, Fred A. 
Gronoff, Harry 


Hahn, Sgt. Richard W. 
Haines, A. J. D. 
Hall, Harlan R. 


Last Address 


322 Franklin Ave., Wilkinsburg, Pa. 

195 Broadway, Rm. 413, New York City. 

708 N. Kenmore Ave., Los Angeles, Calif. 

United Reproducers Corp., 410 S. Harwood, Dallas, Tex. 
3041 Gladstone Áve., Apt. 209, Detroit, Mich. 

611 W. Taylor St., Kokomo, Ind. 


3714-92nd St., Elmhurst, L. I., N.Y. 

Modern Radio & Equipment Ġo., 191 Franklin St., Buffalo, N.Y. 
25 Windemere St., East попа, Мавв. 

678 Pennsylvania Ave., Broo. ‚ N.Y. 

512 W. South St., Angola, Ind. 

General Motors Bldg., Rm. 724, 1775 Broadway, New York City. 
463 West St., New York City. 

Bureau of Standards, Washington, D. C. 

U. S, Navy, Eyak, Mile 7, Alaska. 

Radio Corporation of America, 100 W. Monroe St., Chicago, Ill. 
129 Lentz Ave., Lehighton, Pa. 

4734 Ingleside Ave., Chicago, Ill. 


6533 Woodlawn Ave., Chicago, Ш. 

523 Case Pl., М. W., Canton, Ohio. 

Н. В. Churchill's Radio Shop, 555 Belmont St., Salem, Ore. 
6421 Greenview Ave., Chicago, Ill. 

Brunswick Balke Collender o., 623 S. Wabash, Chicago, Ill. 
451 Greenwich St., Valparaiso, Ind. 

5468 N. Kingshighway Blvd., Wade Station, St. Louis, Mo. 
Walford Cottage, Paget, Bermuda. 

1847 E. 87th St., No. 202, Cleveland, Ohio. 

1633 Jackson Blvd., Chicago, Ill. 

2042 Bedford Ave., Brooklyn, N. Y. 

Rm. 1014 U. S. National Bank Bldg., Denver, Colo. 

Hotel Montolair, Lexington Ave. & 49th St., New York City. 


1119 Poinsetta Dr., Hollywood, Calif. 

112 Cedar St., San Diego, Calif. . 

821 Bergen Ave., Jersey City, М. J. 

5419-41st St., N. W., Washington, D. C. 

General Electric Co., Bldg. 77, Rm. 408, Radio Eng., Schenectady, N. У. 

202 М. 2nd St., Atchison, Kan. 

3001-7th 5%., S. E., Washington, D. C. 

718 Ross Áve., Wilkinsburg, Pa. х 

с/о Technology Club of М. Y., 22 Е 38th St., New York City. 

1288 Ramona Ave., Lakewood, Ohio. 

1698 East 21st St., Brooklyn, М. Y. у 

Universal Wireless Comm. Со., Communications Dept., 4111 Ravenswood 
Ave., E., Chicago, Ш. 


Cuyamel Fruit Co., Pier 27, East River, New York, City. 


c/o R.C.A. Photophone, 51 Terminal Way, Pittsburgh, Pa. 

2250 Erwren Ave., Dayton, Ohio. у ND 

c/o Pan American Airways, Communications Dept., Miami, Fla. 
Stiles Hall, Valparaiso, Ind. 

1913 Pacific Ave., Dallas, Tex. 

31 Rugby Road, Buffalo, N.Y. у 

1344 East 53га 56., Los Angeles, Calif. 1 А 
c/o Detroit Radio Products Corp., 1040 W. Fort St., Detroit, Mich: 
Radio Station WBBM, Atlass Investment Co., Glenview, Ш 


266 Oxford St., Rochester, №. Y. | 

Dodge’s Radio Institute, 405 E. Monroe St., Valparaiso, Ind. 
с/о ВЫ Delivery, Burbank, Calif. $e 
816 N. Kedzie Ave., Chicago, Ill. 

8 Fulford Mansions, London, N. 19, Eng. 

4 Great Queen St., Kingsway, London, W.C. 2, Eng. ; 
Columbia Phonograph Co., 1819 Broadway, New York City. 
Universal Wireless Comm. Co., Drawer H, Plainfield, Ill. 

Victor Talking Machine Co., Camden, N. J. . 
c/o Radiomarine Corp. of America, 326 Broadway, New York City. 
2408 Palmgrove Ave., Los Angeles, Calif 


Signal School Detachment, Fort Monmouth, Oceanport, N.J. 
222 М. 6th St., Allentown, Ра. 
2305 Е. 81st St., Chicago, Ш. 
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Hance, P. D., Jr. 
Hardy, William H. 
Harper, W. W. 
Harrington, F. H. 
Harris, David D. 
Harrison, Louis A. 
Hart, Clyde A. 
Henderson, Ken L. 
Hervey, John P. 
Hobbs, Frank B. 
Holm, Henry R. 
Horman, Frederick L. 
Horsfall, James R. 
Hsu, C.L. ` 
Hudson, T. L. W. 
Hughes, Kenneth E. 
Huntley, Wilfred E. 
Hurlbut, Ronald 


Jeng, L. Y. . 
John, Kenneth B. 
Johnson, J. Robert 
Jorgensen, Wesley J. 


Kalin, Albert 
Kanofsky, Raymond 
Kaplan, Benjamin G. 
Karick, Bert F. 
Kipp, Aaron 

Kirby, Melvin D. 
Knutson, B. M. 
Kranz, Н.Е. =. 
Kuenne, К. В. 


Labatt, M. D. 

La Ganke, H. C. 
Langlois, G. L. 

Lee, William J. 
Leonard, John M. 
Levy, Samuel L. 
Littlepage, Orvole H. 
Lord, Wilfred F. 


MacDermaid, L. D. 


MacLaren, Wallace E. 


Madison, C. E. 
March, Philip S. 
Marron, George P. 
Meggers, A. L. 
Mercer, John E. 
Mills, H. Lawrence 
Mintz, John W. 
Moore, Harold A. 
Morse, Arthur H. 
Mower, Irving F. 
Mullett, Chas. B. 
Murphy. E. Edward 
Murai, Fred Н. 
McAvoy, Edward J. 
McCargar, 5. Harold 
MeClosky, George W. 
McCrea, M. Walter 


McDaniels, Donald G. 


McDonald, A. H. 
McFarland, M. Ralph 


Nagle, John F. 
Nichols, Laurence R. 
` Nugent, Thomas 


O’Dowd, Thomas E. 
Osborn, Paul I. 


Oscanyan, Paul C., Jr. 


Ourieff, Paul ~ 
Overton, Daniel C. 


Paley, Albert A. 
Parlas, Joseph L. 
Parker, Leonard Е. 
Pfaff, Ernest R. 
Phillips, Н. W. 
Pierce, R. Morris 
Pope, James C. 
Pownall, Roger F. 


Incorrect Addresses 


Fox Movietone News, 460 W. 54th St., New York City. 
Franciscan Hotel, Albuquerque, М.М. 

500 Diversey Blvd., Chicago, Ш. 

5846 Carleton Way, Hollywood, Calif. 

Р.О. Box No. 232, St. Francisville, La. 

Oakley, Kan. | 

1839 Front St., San Diego, Calif. у 

Rm. 501, 89 Broad St., New York City. 

54 Hawthorne Pl., Montclair, М. J 

100 Taunton St., Buffalo, N. Y. к 
Radiomarine Corp. of America, 326 Broadway, New York City. 
c/o R.C.A. Institute, 326 Broadway, New York City. , 
Electrical Research Products, Inc., 250 W. 57th St., New York City. 
57 Gorham St., Cambridge, Mass. 

8148 Virginia St., Southgate, Calif. 

Radio Service Lab., 2119 Avenue P., Galveston, Tex. . 

Bremer Tully Mfg. Co., 656 West Washington Blvd., Chicago, Ill. 
c/o Y.M.C.À., 109 W. 54th St., New York City. 


312 W. McMillan Ave., Cincinnati, Ohio. 
4749 М, Crawford Ave., Chicago, Ш. 
10264 Vermont St., Quincy, Ш. 

865 Mentelle Dr., Atlanta, Ga. 


c/o Washington Paper & Pulp Co., Engineering Office, Port Angeles, Wash. 
c/o Milam Radio Co., Milam Building, San Antonio, Tex. . 
Lexington Hardware & Radio Co., 1633 Lexington Ave., New York City. 
Box No. 72, University of S. Carolina, Columbia, S.C. 

R.C.A. Communications, Inc., Rocky Point, L. L., N.Y. . 
Smith & Lowe Mfg. Co., 2464 Randolph St., Hungtington Park, Calif. 
Glen Flora, Wis. : 

2030 North Kolmar Ave., Chicago, Ill. 

143-4th St., Milwaukee, Wis. 


334 6th Ave., Clinton, Iowa. 

1299 Cove Ave., Lakewood, Ohio. 

c/o Quality Radio Shop, 9 Elm St., N. Attleboro, Mass. 

c/o Aster Restaurant, 14th & H. St., N.W., Washington, D.C. 
F-108-Montevista, 63rd & Oxford St., Philadelphia, Pa. 

7444 S. Kingston Ave., Chicago, Ill 

1205 Sherwin Ave., Rm. 903, Chicago, Щ. 

U. 8. С. & С. Stmr. Ranger, P.O. Box No. 212, Norfolk, Va. 


6333 Ingleside Ave., Chicago, Ш. 

1756 Chapman Ave., E. Cleveland, Ohio. 

7515 Weld St., Oakland, Calif. 

1738 Elmwood Ave., Buffalo, N.Y. 

520 W. 163га St., New York, N.Y. 

Tropical Radio Telegraph Co., Box No. 3, Hialeah, Fla. 

7403 Eggleston Ave., Chicago, Ш. -> 

Radio Station KSTP, St. Paul Hotel, St. Paul, Minn. 

931 Bloomfield Ave., Akron, Ohio. 

Allen, Mich. 

Universal Wireless Comm. Co., Inc., 130 W. 42nd St., New York City. 

7712 Emerald Ave., Chicago, IL. 

265 Hartwell Rd., Buffalo, М. У. 

69 Sherman Ave., New York City. 

Hawaii Sales Co., Ltd., P.O. Box No. 2390, Honolulu, T.H. 

4629 Malden St., Chicago, 1]. 

381 E. 60th St., Portland, Oregon. 

725 М. 41st St., Philadelphia, Pa. 

883 S. 16th St., Newark, N. J. 

Radio Corporation of Pennsylvania, 331 Fourth Ave., Fitzsimmons Bldg., 
Pittsburgh, Pa. 

2019 Elm St., Little Rock, Ark. 

1211 Milam St., Houston, Tex. 


5553 N. Lawrence St., Philadelphia, Pa. 
Coyne Electrical School, 801 S. Marshfield Ave., Chicago, Ill. 
Radio Corporation of America, 326 Broadway, New York City. 


487 Summer Ave., Newark, М. J. 

6529 Grand River Ave., Detroit, Mich. x 
730 Park Ave., Plainfield, N.J. . 

Western Electric Co., Ltd., 1031 S. Broadway, Los Angeles, Calif. 
Stirling City, Calif. 


25 Nazing St., Roxbury, Mass. 

736 Washington Ave., Niles, Ohio. 

1826 Diversey Blvd., Chicago, Ш. 

3004 W. 66th St., Chicago, IH. 

1524 E. Admiral Fl., Tulsa, Okla. 

Room 1203, Allerton Club, Cleveland, Ohio. 
c/o U.S.S. Barry, c/o Postmaster, N.Y.C. 
18. Ozford St., Brooklyn, N.Y. 
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Preston, Cecil W. 
Pyle, R. C 


Ramsey, В. W. 
Reb, Frank F. 
Reed, Pinokney C. 
Reid, Floyd F. 
Reimer, August C. 
Repass, William 
Reynolds, Clay E. 
Reynolds, George ЈЕ. 
Rice, Clarence J. 
Richards, A. R. 
Riggs, John H. 
Rhodes, T. B. 
Robbins, Lynn R. 
Ross, Frank C. 
Rubenstein, Peter 
Ruddy, Ralph P. 
Ryan, Richard 


Schenke, Kurtiss Р. 
Schmidt, Erwin 
Schneider, Samual 
Shaw, Frederick 


Shoup, Allen 
Signer, John J. 


Simpson, Charlotte Г. 


Simpson, Paul А. 
Sachs, Harold 8. 
Schechter, Jack 
Solis, Alberto, Jr. 
Sponagle, Charles №. 
Stevens, Sterling М. 
Stewart, H. H. 
Strait, Clarence L. 
Sumner, Raymond 8. 


Templeman, E. J. 
Thomas, Guy H. 
Thorburn, J. М. 
Tighe, John V. 
Tomme, М. Brown 
Trowbridge, O. H. 


Turney, Eugene Т., Jr. 


Utz, William C. 


Van Niman, Roy T. 
Versfelt, Emery L. 
Victoreen, C. J. 
Vose, George E. 


Walker, Raymond E. 
Warren, William 
Washington, Bowden 


Wettermann, John A. 


White, J. A. 

White, Philip S. 
White, W. L. 

White, W. W. 
Whitman, Lloyd F. 
Wilder, Marshall P. 
Woeverton, Byron С. 
Wood, H. T. W. 
Wood, Raymond C. 
Worrall, W. W. 


Yakovlev, A. 


Zavitz, R. D. 
Zinnecker, H. K. 


Incorrect Addresses 


156 E. Superior St., Chicago, Ш. 
Hardinsburg, Ky. 


Ramsey Radio Service, P.O. Box No. 139, Chambersburg, Pa. 
с/о Radiomarine Corporation, 326 Broadway, New York City. 
R.C.A. Photophone, Тпо., 101 Marietta St., Atlanta, Ga. 
Atwater Kent Mfg. Co., Philadelphia, Pa. 

137-88th St., Brooklyn, N.Y. 

308 Monroe St., Valparaiso, Ind. 

General Delivery, Dayton, Ohio. 

Merchandize Mart, Chicago, IIl. 

3838 Columbia Ave., Cincinnati, Ohio. 

Michigan Stato College, Р.О. Box No, 011, East Lansing, Mich, 
4747 Kenmore, Chicago, Ill. 

Rossiter & Co., Ino., 130 Liberty St., New York City. 

26 Prentice St., EZ. Springficld, Mass. 

4540 Clifton Ave., Chicago, Ш 

414 S. Wayne St., Angola, Ind. 

3727 Juniata St., St. Louis, Mo. 

1430 Eddy St., San Francisco, Calif. 


105 Lincoln Ave., Brooklyn, N. Y. 
Radio Engineering Labs., Long Island City, N.Y. 
1165 Shakespeare Ave., New York City. 


Publicity Director, United Reproducers Corp., Suite 245, Third National 


Bldg., Dayton, Ohio. 
841 Holland Ave., Wilkinsburg, Pa. 
1123 Poinsetta Dr., Hollywood, Calif. 
625 Bush St., San Fransicso, Calif. 
3655 West 102nd St., Cleveland, Ohio. 
Envoy Apts., 786 Osage Ave., Portland, Oregon. 
271 E. 169th St., New York City. 
3108 Montana St., El Paso, Calif. 
Kolster Radio Corp., 947 Leader Bldg., Cleveland, Ohio. 
1050 Cloverdale St., Los Angeles, Calif. 


Northern Electrio Co., Ltd., 637 Craig Street, W., Montreal, Quo., Can. 


Sparks-Withington Co., Jackson, Mich. 
S0 Howe St. New Haven, Conn. 


Interstate Radio Sales & Service, 70$ W. Маш 56, Mandan, №. D. 
Metropolitan Vickers Elec. Co., Ltd., Trafford Park, Manchester, Eng. 


The Caddo Company, Inc., S04 Taft Bidg., Hollywood, Calif. 
2119 E. G7th St., Chieago, Ill. 

729 Asp Ave., Norman, Okla. 

1425 Park Pl., Detroit, Mich. 

Bunnell Aircraft Corp., 404 Riverside Dr., New York City. 


93 Liberty St., Westminster, Md. 


Export Dept., Electrical Res. Prod., Inc., New York City. 
76 Oakwood Ave., Upper Montclair, N.J. 

Pioneer Radio Corp., Plano, Ш. 

23 Oxford Terrace, West Orange, N.J. 


525 W. Diamond, Butte, Mont. 

224 Metropolitan Ave., Brooklyn, N.Y. 

107 Waverly PL, New York City. 

Chapace Reality Corp., 1115 College Avenue, New York City. 
U.S. L. Radio Inc., Niagara Falls, N.Y. 

Eagle Pencil Co., 710 Е. 14th St., New York City. 

c/o Radio Corporation of America, Rocky Point, L. I., N.Y. 
Stromberg-Carlson, Rochester, М. Y. 

Federal Telegraph Co., Palo Alto, Calif. 

420 Memorial Dr., Cambridge, Mass. 

Yates Hotel, Syracuse, N.Y. 

35 Simpson Ave., Mimico, Ont., Can. 

18 E. 3rd St., New York City. 

Standard Oil Co. of М. J., Mt. Airy, N.C. 


Amtorg Trading Corp., 261-56 Ave., New York City. 


986 Cote Des Neiges Rd., Montreal, Que., Can. 
Radio-Victor Corp. of America, Camden, N. J. 
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Among the many uses for 
our Precision Wire Wound 
Resistors is in connection 
with sutety devices on 
elevator doors. 


One of the salient qualities of our new 
Precision Wire Wound Resistors is illus- 
trated in the graph below. This shows 
the changeinimpedance with frequency. 
The maximum change under 50,000 


5= FLOOR 
YN 
r ~ 


cycles is so low that it can 
be used in the most exacting 
work. It will be noticed that 
the break in the curve is 
almost imperceptible. The 
temperature co-efficient of 
resistance is 0.0002 per °C. 
These resistors have a safe 
power rating of 1 watt. 


Among the other features 
are our noiseless contacts in 
which special alloy ends are 
actually molded intotheunits, 
our ceramic form, our special 
wire, our exclusive winding 
process and double testing. 


From 1 ohm 10200 megohms, 
we can meet your resistor 
requirements. Write us stat- 
ing your resistor problems 
and allow our engineering de- 
partment to assist if possible. 


INTERNATIONAL | 
RESISTANCE СФ. | 


2006 Chestnut St. Phila., Pa. 
When writing to advertisers mention of the PRocEEDINGS will be mutually helpfui, 
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PILOT RADIO & TUBE CORPORATION 


CABLE ADOI. 


TELEPHONE › 323 BERRY STREET 
“ARVEEG. 


GREENPOINT 9600 
BROOKLYN МУ. 


October 2, 1950 


PE 


—— 


Mr. D. G. Shepard 
Electric Specialty Co. 
i Stamford, Conn. 


pear Mr. Shephard: 


| I feel sure that you will be interested to 
know that the wind driven generator and 
your dynamotor gave us excellent service 
during our recent flight to South America. 


No small part of the success of our radio com- 
munication experiments may be attributed to 
the efficiency and stamina of this apparatus. 


| 
| 
| 
| 


It is particularly gratifying b know that it 
did not fail us at the last moment when, fly- 
ing over the Carribean Sea, motor trouble com- 
pelled us to seek the nearest available landing 
place over 50 miles away and we established 
emergency communication with CMN Cuba who stood 
by ready to send aid had we been forced down on 
water. 


Sincerely yours, 


бы) Bouck 
Engineer in Charge of Aeronautics. 
When writing to advertisers mention of the PRocEEpINGs will be “mutually helpful. 
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Radio Joins the Police 


ү the battle of wits between the criminal and society, radio has joined the 
police force. Alarms are instantaneously flashed to police automobiles 
equipped with radio receivers. Quick getaway is matched by quick action: 
criminals are apprehended in short order. And so the Department of Public 
Safety, State of Michigan, ever ready to adopt the most effective measures, 
has installed its 5000-watt radiophone transmitter at East Lansing, specifying 
DeForest throughout. Designed, built, and installed by DeForest engineers, 
the WRDS 5000-watt transmitter incorporates the latest and most advanced 
features. Tubes constantly warm, ready for instant use. 100% modulation. 
No motor generators—all A.C. operated. Mercury vapor rectifiers for B and 
C voltages. Remote or local control. Progressive automatic switching. Full 
protection for all circuits. DeForest water-cooled tubes with special cooling 
system. Automatic recording of time on the air and number of calls handled. 
Complete in four panels, 


Write for catalog on DeForest transmitting tubes for every purpose. 
And do not hesitate to place special problems before our Engineer- 
ing Department. 


DE FOREST RADIO COMPANY, PASSAIC, М. Js 
Export Department, 304 E. 45th Street, New York City, N. Y., U. S. A. 


che Forest RECEIVING 
(AU DION 5) TRANSMITTING TUBE 


а 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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New Weston mop 565 


А Complete 


Test Set 
for Radio 


Service 


Work 


The new Weston Model 565 is the 
most complete instrument designed 
for radio service work. It makes 
every required test on every modern 
set, and checks every type A.C., D.C., Pentode and Rectifier tubes. Ве- 
sides, it is made in the typical Weston fashion with the refinements in 
design, ruggedness in construction, precision in manufacture, and de- 
pendability in performance such as only Weston can build with its years 
of experience as manufacturers of the world’s highest quality electrical 
measuring instruments. 


In this one instrument, the Weston Model 565, you have a complete 
radio service laboratory—Set Tester, Tube Checker, Oscillator, Ohm- 
meter, A.C. Ammeter, D.C. Milliammeter, A.C. and D.C. Voltmeter, 
with more and wider ranges than ever before. 

The new Weston Model 565 set and tube service unit with its compact construction 
and complete testing facilities was designed to save you time and money. It operates 


similarly to the popular Weston Model 547 Set Tester—Tquickly, conveniently, accur- 
ately, and with the widely-known Weston depéndability. 


So valuable is this new Weston Model 565 that every rddio dealer and service man 
who builds his business prestige on quality service work cannot afford to be without it. 


Write today for illustrated folder 
which gives complete information. 


WESTON ELECTRICAL INSTRUMENT CORPORATION 
589 Frelinghuysen Avenue, Newark, N. J. 


PIONEERS 
SINCE 1888 


INSTRUMENTS 


When writing to advertisers mention of the PRocrEDINGS will be mutually helpful. 
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Preprints Available 
С 


Nl e number of preprints of papers delivered at - 


the technical sessions held during the Fifth Annual 
Convention of the Institute are available without cost to 
members of the Institute interested in them. They are as 
follows: 


1. “The Radio Communication Services of the British Post 
Office" by A. G. Lee. | 

2. "Power Equipment for Aircraft Radio Transmitters” by J. D. 
Miner. 

3. “Certain Factors Affecting the Gain of Directive Antennas” 
Бу С. С. Southworth. 
_ 4. "Aviation Communication" by J. Stuart Richardson. 


· 5. "The Van der Pol Four Electrode Tube Relaxation Oscillation 
Circuit” by R. M. Page and W. F. Curtis. 

6. "The Role of Radio in the Growth of International Com- 
munication" by H. H. Buttner. 

7. "Variation of the Inductance of Coils Due to the Magnetic 
Shielding Effect of Eddy Currents in the Cores" by K. L. Scott. 

8. “A New Frequency-Stabilized Oscillator System" by Ross 
Gunn. 

9. "Radio Electric Clock System" by H. C. Roters and H. L. 
Paulding. 

10. "Overseas Radio Extensions to Wire Telephone Networks" 
by Lloyd Espenschied and William Wilson. 

11. "The RCA World-Wide Radio Network" by Arthur A. 
Isbell. 

12. “Selectivity, A Simplified Mathematical Treatment with Os- 
cillographic Demonstration” by B. DeF. Bayly. 

13. “The RCA Photophone System of Sound Recording and Re- 
production for Sound Motion Pictures” by Alfred N. Goldsmith 
and Max С. Batsel. 

14. “Theory and Operation of Tuned Radio-Frequency Coupling 
Systems” by Harold A. Wheeler and W. A. MacDonald. 

15. “Some Developments in Broadcast Transmitters” by I. J. Kaar 
and C. J. Burnside. 

16. “Advances in Transoceanic Cable Technique” by Hobart 
Mason. 

17. “Polyphase Rectification Special Connections" by R. W. Arm- 
strong. 

18. “Low-Frequency Radio Transmission” by P. A. DeMars, 
G. W. Kenrick and G. W. Pickard. 


Requests for these should be made to the Institute office, 33 West 
39th Street, New York City. 
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PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in Radio and Allied Engineering Fields 


THE MAGNAVOX 
COMPANY 
155 East Ohio Street, Chicago, Ill. 
PIONEERS AND SPECIALISTS 
IN THE ART OF 
SOUND REPRODUCTION. 


DYNAMIC SPEAKERS SINCE 
1911. 


LECTRICAL TESTING 
LABORATORIES 


Tests of Inductances. 
Condensers. Transform- 
ers elc. Life and charac- 
teristics of Radio Tubes 


ЗОН. Street and East End Ave. 
: NEW YORK, NY. = > 


PATENTS 
WM. G. H. FINCH 


Patent Attorney 
(Registered U. S. & Canada) 


Mem. I. R. E. Mem. A. I. E. E. 


303 Fifth Ave. New York 
BOGARDUS 1263 


The J. G. White 
Engineering Corporation 
Engineers—Constructors 


Builders of New York Radio 
Central 


43 Exchange Place New York 


Radio 


Engineers 


, 


Your card on this professional card page will give 


you a direct introduction to over 8,000 technical 


men, executives, and others with important radio 


interests. 


Per Issue—$10.00 


When writing to advertisers mention of the Procuepincs will be mutually helpful. 
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P number of preprints of papers delivered at 
the technical sessions held during the Fifth Annual 
Convention of the Institute are available without cost to 
members of the Institute interested in them. They are as 
follows: : 


1. “The Radio Communication Services of the British Post 
Office" by A. G. Lee. 

2. "Power Equipment for Aircraft Radio Transmitters" by J. D. 
Miner. 

3. "Certain Factors Affecting the Gain of Directive Antennas" 
by G. C. Southworth. 

4, "Aviation Communication” by J. Stuart Richardson. 
. 5. "The Van der Pol Four Electrode Tube Relaxation Oscillation 
Circuit" by R. M. Page and W. Е. Curtis. 

6. "The Role of Radio in the Growth of International Com- 
munication” by Н. Н. Buttner. 

7. "Variation of the Inductance of Coils Due to the Magnetic 
Shielding Effect of Eddy Currents in the Cores" by K. L. Scott. 

8. “A New Frequency-Stabilized Oscillator System" by Ross 
Gunn. 

9. “Radio Electric Clock System” by H. C. Roters and H. L. 
Paulding. 

10. “Overseas Radio Extensions to Wire Telephone Networks" 
by Lloyd Espenschied and William Wilson. 

i "The RCA World-Wide Radio Network" by Arthur A. 
Isbell. 

12. “Selectivity, A Simplified Mathematical Treatment with Os- 
cillographic Demonstration" by B. DeF. Bayly. 

13. "The RCA Photophone System of Sound Recotding and Re- 
production for Sound Motion Pictures" by Alfred N. Goldsmith 
and Max C. Batsel. 

14. "Theory and Operation of Tuned Radio-Frequency Coupling 
Systems" by Harold A. Wheeler and W. A. MacDonald. 

15. "Some Developments in Broadcast Transmitters” by I. J. Kaar 
and C. J. Burnside. 

16. "Advances in Transoceanic Cable Technique" by Hobart 
Mason. 

17. “Polyphase Rectification Special Connections” by R. W. Arm- 
strong. | 

18. “Low-Frequency Radio Transmission” by P. A. DeMars, 
С. W. Kenrick and С. W. Pickard. 


Requests for these should be made to the Institute office, 33 West 
39th Street, New York City. 
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Protected vent, vulcanized in hard 
rubber top, forming one-piece 
unit. 


Pressure seal, with no possibility 
of cutting gasket, 


‘One-piece anode of pure alum- 
ит) no welded or riveted;Joints. 


Individual contaiñer allowing 
space to be utilized with mexi- 
mum Hexibility. 


Screw type socket mounting for 
meximum flexibility in receiver 
design 


Locking lugs in socket to prevent 
condenser shaking loose during 
shipment. 


Look Inside 
the Can 


'HEN you take a look at 

the Sprague condenser’s 
“innards”, you'll see why this 
new type electrolytic condenser 
has literally swept the radio in- 
dustry off its feet, for here's a 
standardized unit of 9 MFD ca- 
pacity, with a rating of 430 volts 
DC, in a space of 1 3/8" di- 
ameter x 4 11/16" height. 


Packed with such. exclusive 
features as the one-piece anode, 
without a single welded or 
riveted joint. A protected vent 
vulcanized into the hard rubber 
top. An individual container 
allowing of the utmost flexibility 
in circuit design. Screw socket 
mounting for ease of attachment. 
And a self-healing construction 
that gives it almost limitless life. 


Write for illustrated folder 
which shows the Sprague 
superiority at a glance. 


SPRAGUE SPECIALTIES 
COMPANY 


Manufacturers also of the 
well-known 


SPRAGUE PAPER CONDENSER 
North Adams, Mass: 


When writing to advertisers mention of the Procrrpincs will be mutually helpful 
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“СОВ” CONDENSERS 
Cut Labor Costs 


Actual size .25 Mfd; Weight 15V; Grams 


“Cub”? Condensers are totally enclosed and her- 
metically sealed against exaggerated temperature and 
humidity by a newly developed compound with a 
softening point above 200 degrees Fahrenheit. They 
are light in weight, making possible advantageous 
self-mounting feature. "Cub" Condensers are com- 
pact, and have an attractive appearance. They cut 
labor operations and cost from 20% to 50% less. 
Write for sample. 


High Insulation Resistance 
Extraordinary Dielectric Strength 
Capacities .00025 to .5 Mfd. 


огпе 


FILTER CONDENSERS 
BY-PASS CONDENSERS 
RADIO INTERFERENCE FILTERS 
POWER FACTOR CORRECTION BANKS 
UNIFORMLY HIGH INSULATION RESISTANCE | 
PAPER DIELECTRIC CONDENSERS (АП Types) 


Write for Sample “Cub” Condenser and Catalog of 
Complete Line of Cornell Products. 


Cornell Electric Mfg. Co., Inc. 


LONG ISLAND CITY, NEW YORK 2 
| 


РИА 
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VISUAL SIGNAL STRENGTH METER 


A Direct Sight Recording Instrument That Will Prove 
Invaluable to Every Laboratory and Radio Station 


Including one UX199 
type tube, complete 
batteries mounted in 
casé, and 3 range 5” 
dial meter. 


Cat. No. 212 
Visual Signal 
Strength Meter 


Some of the uses to which the Cat. No. 212 Visual Signal Strength Meter 
may be put: 

]—Furnish instant comparison of two or more transmitted signals. 

2—Testing receiver sensitivity. 

3—Fading effect. 

4—Signal variation from day to day. 

5—Signal strength for various power inputs. 

6— Static or interference level ratio to received signal. 


7—Operation аз a rectifier for recorders of radio signals giving the added 
feature of sight adjustments. 


WRITE FOR LITERATURE 


a ND 
MANUFACTURES A COMPLETE LINE OF 
APPARATUS FOR SHORT WAVE TRANS- 
MISSION AND RECEPTION. 
еж 


Radio Engineering Laboratories, Inc. 
100 Wilbur Ave. Long Island City, N. Y., U.S.A. 


ава» 
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Ten Parts in a Million 


FOR. FREQUENCY STABILITY 


Lo 


№ “PIEZD-ELEGTAIC OSCILATOR 
= d 
TEMPERATURE CONTROL 
Ооу TEBE BU meni 
GFNBAAL АЮ. 00, 
Санага. 


Type 575-А—— Piezo-Electrie Oscillator with Temperature Control 


REQUENCY stability of a high*order is obtained by the use of 

this new temperature-controlléd piezo-electric oscillator in 
conjunction with General Radio Туре 376 Quartz Plates. This new 
combination makes an ideal but inexpensive frequency standard 
for laboratory measurements and for frequency monitoring in the 
broadcast station. 
_ The piezo-eleetric oscillator consists in effect of.a ТурЕ 275 
Piezo-Electric Oscillator and а Туре 547-A Temperature-Control 
Box assembled on a panel for relay-raek mounting. The character- 
istics of the new instrument are essentially the same.as for the two 
individual instruments except that the assembly in a single unit 
greatly improves the over-all frequency stability. Its price is 
$190.00 without quartz plates, tubes, or batteries. 

Plates adjusted to within 0.01% of a specified frequency are 

already catalogued. A higher precision of adjustment can be obtamed 
on special order. 


BROADCAST ENGINEERS 
Have you seen the October and November issues of the General 
Radio Experimenter containing the results of J. К. Clapp's studies on 
‘The Frequency Stability of Piezo-Electric Monitors?” Ask us for 
them on your business Jetterhead, . No charge, of course. 


GENERAL RADIO COMPANY 
OFFICES * LABORATORIES 7 FACTORY 
CAMBRIDGE A, MASSACHUSETTS 


JÉXCIFIC COAST WAREHOUSE: 274 BRANNAN STREET, SAN FRANCISCO, CALIFORNIA 


GEORGE BANTA PUBLISHING COMPANY, MENASHA, WISCONBEY й 


